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ABRIDGMENT 

OF  THE 
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O  F  T  H  E 

Royal  Academy  of  Sciences  at  Paris 

for  tl  e  Year  lyio. 


X.  Obfer^oations  on  the  variation  of  the  needle ^ 
with  regard  to  Dr.  iTalley  /  chart :  toge¬ 
ther  with  fone  geographical  remarks  made 
frotn  fea-journals^  by  M,  Delifle  tran^ 
Jlated  by  Mr,  Chambers, 

F'^Ather  Gouye  having  communicated  to  me  8 
feveral  journals  of  pilots,  who  (leered  (liips 
from  France  to  Newfound! and,  and  the  Ame¬ 
rican  iflands,!  extraded  from  them  what  appeared 
of  moft  advantage  to  navigation  and  geography  ; 
and  having  the  ufe  likewife  of  two  other  journals, 
one  of  them  kept  by  M.  Hebert ^  his  majedy’s  en¬ 
voy  to  the  Indies y  and  the  other  by  M.  Bigot  de 
la  Cante^  fecond  lieutenant  on  board  the  king’s 
(hip  the  Sphere^  to  the  coafts  of  Guinea  and  river 
de  la  PlatUy  I  have  thought  proper  to  join  all 
the  obfervations  together  made  in  thofe  feveral 
voyages,  becaufe  all  made  nearly  in  the  .fame 
time,  viz.  in  the  years  1706,  1707,  1708,  and 
1709. 

*  July  16,  1710. 

VoL.  IV.  N«.  35.  B  The 


1  T'be  History  and  Memoirs  of  the 

The  obfervations  of  the  variation  of  the  needle 
arc  of  iate  become  fo  effential  to  navigation ,  that 
the  pilots  rake  all  occafions  of  making  them  ;  in 
etfedf,  they  cannot  know  the  rumb  in  which 
they  fail,  without  firft  obicrving  the  variation  ; 
and  when  the  weather  will  not  allow  them  to 
obferVe  it,  they  are  obliged  to  compute  it  from 
the  obfervations  of  other  navigators  about  the 
fame  places.  They  even  begin  to  make  ufe  of  it 
for  correcting  their  reckoning,  and  finding,  in 
fome  meafure,  the  longitude,  when,  either  by 
themfelves,  or  others,  they  know  the  variation 
which  fliould  be  found  in  fuch  and  fuch  places. 
Thus  M.  Daumas^  firft  pilot  of  the  St.  Lcuis^  dif- 
covered  hereby,  that  he  was  paffing  the  line  more 
weftward  than  his  reckoning  gave  him,  and  in 
the  latitude  of  the  ifland  Cafe  Verd^  he  perceived 
by  the  variation,  that  he  was  30  leagues  more 
weftward  than  by  his  reckoning.  He  adds,  that 
upon  approaching  the  iftand  of  Bourhon^  in  the 
Indian  fea,  finding  the  variation  to  be  21®— ■ 
north-weft,  he  learned  hereby,  that  he  was  to 
the  weftward  of  that  line,  when  his  reckoning 
could  not  tell  him  fo  much. 

It  would  be  needlefs  here  to  relate  the  com¬ 
puted  variations,  our  knowledge  on  this  head  is 
much  too  fcanty  to  make  a  juft  computation  ;  I 
lhall  here  therefore  confine  myfelf  to  fuch  as  have 
adually  been  obferved,  among  which  I  fhall 
always  prefer  thofe  obferved  by  the  amplitudes  to 
thofe  by  the  azimuth  ;  the  former  appearing 
furer,  and  Icfs  fubjeCl  to  error. 

I'he  longitudes  I  make  ufe  of  are  reckoned  from 
the  pike  ot  Teneriff^  according  to  the  chans  of 
Pieter  GooSy  which  are  thofe  commonly  ufed  by 
our  late  navigators,  for  felting  off  their  courle. 


At 
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At  120  leagues  from  the  coafts  of  France^  and 
i  latitude,  one  of  the  pilots,  in  the 

year  1709,  found  the  variation  8*^ - north- 

weft  by  the  fun’s  amplitude;  and  M.  Baumas^ 
in  the  fame  place  a  little  before,  found  it  the 

fame.  Dr.  Halleyh  chart  makes  it  6^ - f. 

At  45^— —7'—  latitude,  and  1 - 31^ — 

longitude,  he  found  the  variation  6^ - 40 - - 

where  Dr.  Halley  makes  it  6^ - 

At45<^ -  — id - latitude,  and  358^ - 

I  — longitude,  he  found  the  variation  1 1° — , 

where  Dr.  Halley  only  makes  it  9. 

Another  pilot,  fetting  out  from  Rechel  for  the 
Cape  Ferd  iflands  in  1708,  found  at  35^ — ^35' — • 
latitude,  and  on  the  meridian  of  Teneriffj  the 

variation  to  be  4^ - 35 - by  the  weftern 

amplitude:  Dr.  Halley  makes  it  4^ - 

At  27^— 58' - latitude,  and  353^-- - 

4c/ - longitude,  he  found  the  variation  4^— 

32' —  where  Dr.  Halley  makes  it  2° - id^^ — 

At  36^^ - lat.  and  325^— — 46' - long. 

•he  found  the  v^ariation  5^ - 8^ - — *  where 

Dr.  Halley  makes  it  3^ - f. 

Another  pilot  at  46^’-— — 50^— •  latitude, 
and  230  leagues  diftance  from  Rochel^  found  the 
variation  in  1709,  to  be  7^ — 50' —  where  Dr. 
Halley  makes  it  7^ — • 

Soon  after  at  260  leagues  from  Roche f  and 
47^ — latitude,  he  found  the  variation  8®— — 
where  Dr.  Halley  like  wife  makes  it  8. 

At  33? - '45'— 7 - and  5^" - 

long,  he  found  the  variation  6*^ - - — —  where 

Dr.  Halley  only  makes  it  3^ - 

The  firft  pilot  of  the  Marianne  at  43^ — 45' — 
lat.  and  340^ — . — 46^^ — ^long.  found  the  va¬ 
riation  in  1709,  to  be  13^--— where  Dr.  Hal¬ 
ley  only  makes  it  8. 
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All  thefe  obfervations  were  made  on  this  fide 
the  line  of  no  variation,  fuppofing  them  exadl, 
the  variations  muft  have  increafed  on  this  fide  the 
line,  fince  the  time  of  Dr.  Haljey^s  chart ;  but  lefs 
in  one  place  than  another. 

M.  Bigot  de  la  Cante^  in  a  voyage  to  the  river 

de  la  Plata  in  1707,  found  at  44^ - 45' - lat. 

and  52  leagues  diftance  from  Cape  Finifterre^  the 

variation  to  be  7^- - id - north- weft,  where 

Halle^j  only  makes  it  6^ - 15';’  and  the 

fame  variation  he  found  in  the  4  enfuing  days, 
during  which  he  made  60  leagues  fouth-weft- 
wards.  In  Dr.  HalUyh  chart,  it  is  6^——  all 
along  this  line. 

At  7^ - 15' - lat.  and  — 50' - - 

Jong,  he  found  the  variation  2^ - 30' - where 

Dr.  Halley  only  makes  it  50' - 

In  the  road  of  Judda^  on  the  Guinea  coaft, 

he  found  the  variation  in  1708,  8^ - id,  M. 

Des  Marchais^  in  1705,  found  it  8^ — .  In  the 
fame  place,  Dr.  Halley  only  makes  it  5^* - - 

In  the  eaftern  part  of  the  ifland  of  San-Fbomas 

under  the  line,  he  found  it  — 30' - where 

Dr.  Halley  only  makes  it  5^ — 30 - 

From  hence  M.  Bigot  failed  fouth-eafterly  to 

4^ - fouth  lat.  not  far  from  the  coafts  of  Congo ^ 

from  whence  he  always  bore  to  the  fouth- weft, 
and  weft- fouth- weft,  as  far  as  the'mouth  of  the 
river  de  la  Plata,,  where  he  arrived  in  Aprils 
1708.  This  traverfe  of  14  leagues  is  the  fitteft 
that  could  be  thought  of  for  examining  the  va¬ 
riations  affigned  by  Dr.  Halley  in  this  fea  ;  and 
the  more  fo,  as  it  cuts  all  Dr.  Halley\  lines  al- 
moft  perpendicularly. 

Along  this  courfe,  the  variation,  which  was 
north-weft,  grew  lefs  and  lefs  every  day,  till 
having  made  560  leagues,  it  entirely  difappeared, 

and 
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and  hencefor wards  the  variations  were  north- weft. 
This  line  of  no  variation  Halley  makes  120 
leagues  more  eafterJy,  than  M.  Bigot  found  it, 

and  makes  a  variation  of  i®- - 30' - north- 

eaft,  where  M.  Bigot  found  none ;  fo  that  we  arc 
not  to  wonder,  if  the  variation,  found  by  M.  5/- 
got  before  his  arrival  at  this  line,  were  greater 

than  that  aftigned  by  Dr.  Halley^  by  i  or  2^ - 

and  fometimes  more. 

In  Aprils  ^709’  the  river  de  la 

Plata^  and  purlued  much  the  fame  courfc  as  he 
had  kept  before,  for  the  fpacc  of  about  800 
leagues  *,  but  the  obfervations  he  made  in  return¬ 
ing  do  not  agree  with  thofe  made  in  going,  tho* 
by  eftimation  he  thought  himfelf  in  the  fame 
places,  where  he  had  obl'erved  before.  The  place 

where  in-  going  he  found  the  variation  2d - 

north- eaft,  appeared  by  his  eftimation  9" — more 
eafterly,  than  that  where  he  found  the  variation 
26'  in  his  return,  and  the  other  places  in  proportion 
to  their  diftance  from  the  tnouth  of  the  river  de 
la  Plata^  which  probably  arifes  from  the  waters 
of  that  huge  river,  which  communicating  its 
current  to  the  fea,  by  a  mouth  30  leagues  broad 
directed  to  the  eaft,  may  be  fuppofed  to  retard 
the  n'iOtion  of  the  fhip  in  going,  and  accelerate 
it  in  its  returning. 

From  hence  M.  Bigot  failed  to  MariinicOy  and 
in  his  paftage  thence  to  France  in  1709,  at  28^ — 
30' — lat.  and  316^ — 30' — long,  found  the  va¬ 
riation  30/ — north-weft,  where  Dr.  Halley 

makes  it  1^ — nor  h-eaft  fo  that  the  variation 
has  here  changed  from  north-eaft  to  north-weft, 
and  the  lineot  no  variation,  which  was  eaftwards 
of  this  place,  has  travelled  to  the  weftw'ard  there¬ 
of  fince  Dr.  Halley\  chart,  if  we  may  credit 
ihefe  obfervations. 


At 
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At32®— 15' — lat.  and  321° — 45' - long. 

he  found  the  variation  4° - 10',  where  Dr. 

Halley  makes  it  2° - -  lefs. 

At  36° - 50  lat.  and  329°  long,  he  found  the 

variation  7° — 10^,  where  Dr.  Halley  makes  it 

4° - 30'- 

At  45° — 8'  lat.  and  305° — 30'  long,  he  found 

the  variation  10^ — 10',  which  is  2° - more  than 

in  Dr.  Halley*^  chart. 

From  all  thefe  obfervations,  fiippofing  them 
juft,  it  appears,  fir  ft,  that  in  the  parallel  of  22° — 
fbuth  latitude,  the  line  of  no  variation  has  ftiifted 
120  leagues  weft  wards,  from  the  year  1700  to 
1708. 

Secondly,  That  the  variation  has  increafed  on 
this -fide  that  line,  while  it  has  diminifhed  on  the 
other]*,  tho*  in  three  or  four  places  M.  Bigot  found 
it  the  fame  as  is  exprefted  in  the  chart  ;  and  in 
fome  others  found  it  even  greater,  unlefs  we  ra¬ 
ther  choofe  to  caft  the  irregularity  on  the  obfer- 
vations,  which  I  believe  the  fifeft  way. 

The  fhip  St.  Louis  went  with  the  G olden- fleece.^ 
and  the  Maurepas  went  in  1706  for  the  South- 
fea  \  the  obfervations  made  on  board  this  laft  have 
already  been  delivered  by  M.  Cajfini ;  but  the 
firft  quitting  the  other  two  on  the  coafts  of  Chili., 
carried  M.  Hebert  on  to  the  Indies  ;  in  which 
voyage,  befides  M.  the  pilot’s  journal,  I 

have  another  kept  by  M.  Brunet^  an  officer  in 
the  (hip,  who  made  fevcral  curious  remarks,  over¬ 
looked  by  M.  Daumas, 

This  pilot  putting  out  from  Port-Louis.,  in 
July  1706,  at  25  leagues  north-north-eaft  ot  the 
ifland  of  Porto^ Santo.,  near  Madera.,  found  the 
variation  5° — north- weft,  where  Dr.  //^7%’s  chart 
only  makes  it  4. 


Clofe 
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Clofe  by  Madeira  on  the  fouth-weft,  he  found 
it  4° - 1,  where  Dr.  Halley  only  makes  ic 

f - 

Between  the  ifland  of  Madeira^  and  that  of 
Faro^  he  found  it  4,  where  Dr.  Halley  makes  it  3. 

At  50  leagues  fouth-fouth-weft  of  the  ifland  of 
Faro^  he  found  the  variation  3,  where  Dr. 

/<?jy  makes  it  2. 

At  18° - i5Mat.  and  357°  long,  he  found 

the  variation  2° — between  which  place  and 
the  bank  of  Bifagos^  on  the  coaft  of  Guinea^  he 
obferved  the  variation  4  times,  and  found  it  al¬ 
ways  2° - 7  ;  l^r.  Halley  makes  it  in  thefe 

places  about  1°. 

At  358° — long,  and  6°~lat.  he  found  the  va¬ 
riation  2? — ,  as  well  as  at  3°- - 15'  lat.  and  10' 

long,  in  both  which  places,  Dr.  Halley  makes 
the  variation  about  |  a  degree. 

From  this  place,  bearing  to  the  fourh*eafl:,  as 
Dr  as  the  equinoctial,  which  he  cut  at  7° —  long, 
the  variation  in  about  50  leagues  courfe  changed 

from  2  to  3° - at  50  leagues  further  from  3  to 

4° -  and  at  the  end  of  50  more,  from  4  to  5°. 

In  thefe  places.  Dr.  Halley  only  makes  i  ° - or 

1° — \  variation,  and  in  lieu  of  50  leagues,  makes 
80  leagues  between  each  degree  ot  variation. 

Having  paffed  the  line  he  bore  fouth-wefterly 

as  far  as  9° - of  fouth  lat.  and  356°. — 15^— 

long,  where  he  alfo  found  the  variation  change  a 
degree  in  50  leag.  diminifliing  at  this  rate  from 
5  to  4,  from  4  to  3,  from  3  to  2,  and  from  2 
to  I  ;  fo  that  at  the  end  of  about  250  leagues, 
there  was  no  variation  at  all,  and  50  leagues  fur¬ 
ther,  the  variation  was  1  ° -  north-eaft  ;  where¬ 

as  hitherto  it  had  been  north- weft  •,  fo  that  the 
place  where  the  Ihip  cut  the  line  of  no  variation 


8  T’he  History  ^^//^Memoirs  of  the 

is,  by  their  account,  lOo  leagues  more  weft- 
ward  than  laid  down  by  Dr.  Halley, 

Proceeding  on  towards  the  ifland  of  Afcenfion^ 
at  20  leagues  north-eaft  of  that  ifland,  M.  Dau- 
mas  found  the  variation  6° —  ;  where  Dr.  Halley 
alfo  makes  it  6° - north-eaft. 

Pafting  hence  to  the  ifland  Grande^  on  the 
coaft  of  Brazil^  M.  Brunet  relates,  that  the  va¬ 
riation  was  found  1 - f,  which  is  much  the 

fame  as  in  Dr.  Halley^s  chart. 

From  hence  pafting  to  the  ftraits  of  Magellan^ 

he  found  the  variation  at  I2° - north-eaft,  where 

Dr.  Halley  makes  it  12  |,  13  where  he  makes  it 
137,  16  where  he  makes  it  16  |,  17  where  he 
makes  18  18  where  he  makes  it  19,  19  where 

he  makes  19!,  and  19  |  where  he  makes  it  20®. 

- All  thefe  cbfervations  I  relate,  becaufe  they 

confirm  one  another  ;  with  regard  to  which  it  may 
alfo  be  obferved,  that  the  laft  obfervation  given 
by  M.  Brunet,,  was  made  in  40° — 30' —  fouth 
lat.  and  that  the  fhip  having  failed  60  leagues 
under  the  fame  parallel,  he  found  the  fame  va¬ 
riation  in  three  fucceflive  obfervations  at  this  la¬ 
titude,  which  perfcdfly  agrees  with  the  inclina¬ 
tion  of  the  lines  of  variation  given  by  Dr.  Hal^ 
ley  about  this  place,  they  being  inclined  from 
eaft  to  weft,  for  the  fpace  of  50  or  60  leagues, 
and  thence  turning  inlenftbly  towards  the  fouth- 
weft  in  form  of  an  ellipfjs^  as  far  as  the  ftraits  of 
Magellan, 

Arriving  in  December  1706,  at  the  latitude  of 
57° — 10' and  60  leagues  fouth-weftward  of  the 
ftraits  of  Le  Maire,,  M.  Brunet  relates,  that  the 

variation  was  found  26° - north-eaft,  and  that 

the  fame  variation  continued  for  the  ipace  of  40 
kagues.  Here  our  comparifon  ceafes  with  Dr. 

Halley’*^ 
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Hatleyh  chart,  which  does  not  give  the  variations 
in  this  fea. 

Having  doubled  Cape  Horn^  to  the  fouth  of 
^erra  del  Fuego^  they  arrived  at  the  city  Con^ 
ception^  on  the  coafts  of  Chili^  where  M.  Brunet 
found  the  variation  9° — 30'.  Hence  they  pro¬ 
ceeded  for  Valparaife^  where  they  found  the  va¬ 
riation  8° — At  Pifco  and  Canete  6° — 

and  at  Callao^  the  port  of  Lima^  6° - Ad  which 

obfervations  agree  within  half  a  degree  to  thofe 
made  on  the  Maurepas^  publiflied  by  M.  Caffini^ 
who  in  examining  the  courfe  of  that  veflfel  ob- 
ferves,  that  as  their  latitude  increafed,  the  va¬ 
riation  increafed  ;  to  which,  from  thefe  obferva- 
lions  of  MelT.  Brunet  and  Daumas^  we  may  add, 
that  in  the  fame  parallel,  the  further  they  pro¬ 
ceeded  from  the  fhores  weftward,  the  variation 
diminifhcd. 

Thus  at  44° - 45Mat.  and  about  thirty 

leagues  diftance  from  the  coafts  of  Chilis  they 

found  12° - variation,  and  in  the  fame  parallel 

at  120  leagues  diftance  from  the  coaft  found 
only  7°. — 

Between  40  and  41°  ~  lat.  at  10  leagues  dif¬ 
tance  from  the  fhore,  they  found  9° — ^  variation, 

and  only  6° - ^at  130  leagues  diftance  from  the 

fame  fhore. 

Between  30  and  31° — -—lat.  and  60  leagues 
from  the  fli6re,  they  found  7°--- — variation, 
and  only  5  at  220  leagues. 

The  fame  fhip  departing  from  the  Conception 
in  December^  1707?  doubled  Horn  a  fecoad 
time,  came  to  anchor  in  the  river  Gallegua^  not 
far  from  the  ftraits  of  Magellan^  and  from  whence 
fet  fail  for  the  Cape  of  Good  Hope  %  being,  I  think, 
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the  firft  fliip  that  made  this  courfe,  fo  that  its 
obfervations  are  the  more  valuable. 

At  their  departure  from  the  river  Gallegua^ 
they  found  the  variation  23° — north-eaft. 

At  60  leagues  from  this  place,  they  found  it 
22°' — north-eaft. 

At  30  leagues  further  20° - 

At  150  leagues  further  18° - 

At  1 10  leagues  further  16'’- - - 

At  150  leagues  further  14° - 

At  60  leagues  further  13°' - -  • 

At  50  leagues  further  12° - - 

At  20  leagues  further  1 1  ° — — 

At  30  leagues  beyond  this  lo"^ - 

At  20  leagues  further  8° - 

At  100  leagues  beyond  this  only  4° - 

And,  laftly,  at  120  leagues  further  the  varia- 
'  tion  was  nothing. 

All  thefe  variations  are  north-eafterly  to  the 
place  where  there  was  found  no  variation.  —  The 
following  ones,are  north- wefterly. 

At  60  leagues  further  eaftward,  they  found 
the  variation  2°— — —north- weft. 

At  80  leagues  further  4°-— — 

At  60  leagues  beyond  this  7° - - 

At  140  leagues  further  9° — j. 

And,  laftly,  at  60  leagues  further,  near  the 
Cape  of  Good  Hope^  where  they  arrived  in  Mar, 

X  708,  the  variation  was  found  8° - - 

Now,  according  to  Dr.  Halley\  chart,  the 
v.ariation  ftaould  have  increafed  from  the  place  of 
their  departure  in  the  fpace  of  240  leagues  from 
20  to  23° —  and  in  the  reft  of  their  paftage  fhould 
have  diminifhed  about  1°  for  every  2° —  of  lon¬ 
gitude,  as  far  as  the  line  of  no  variation,  and 
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from  hence  to  the  Cape^  have  increafed  north" 
weft  ward,  in  the  fame  proportion  as  it  had  dimi- 
niftied  north-eaftwarci ;  but  it  appears  on  the  con¬ 
trary,  from  thefe  obfervations,  that  the  greateft 
variation  found  by  them  in  the  whole  paffage, 
was  in  this  place  of  their  departure,  where  it  was 

found  23°.  - It  alfo  appears,  that  when  it 

did  diminifh,  this  diminution  did  not  always  pro¬ 
ceed  in  the  fame  proportion  as  exprefted  in  Dr. 
HalUf%  chart  •,  but  that  during  the  firft  500 
leagues,  the  variation  diminifhed  a  degree  for 

- of  longitude;  after  which  they  found  it 

diminifhed  another  degree,  in  the  fpace  of  a  de¬ 
gree  and  half  of  longitude  ;  but  henceforward  the 
variations  altered,  as  in  Dr.  Halleyh  chart,  viz, 
1° — for  2  in  longitude'. 

It  alfo  appears  from  thefe  obfervations,  that 
from  the  year  i  700,'  the  epocha  of  Dr.  Halley^s 
chart  to  the  year  1 709,  the  line  of  no  variation 

fhifted  50  leagues  weft  ward  in  35° - -  of 

fouthern  latitude.  We  have  already  obferved, 
that  in  the  latitude  of  2  2°-> — -  it  hadlbifted  120 
leagues,  according  to  the  obfervations  of  M.  Bi¬ 
got^  that  for  the  7° - fouth,  he  found  it  100 

leagues  more  v/eftvvard  ;  and  that  at  the  latitude 

of  28^ - north,  he  alfo  found  it  more  wefteriy 

than  Dr.  Halley  makes  it  at  that  latitude  ;  fo  that 
the  motion  of  this  line  weft  ward  is  confirmed  by 
many  obfervations. 

Proceeding  from  the  Cape  of  Good  Hope  eaft- 
wnirds,  they  found  the  variation  always  increafe 
ro  the  diftance  of  530  leagues  frorn  the  Cape  ;  and 
in  33^ — ~  fouth  latitude,  where  they  found  the 
variation  240 — \  north-weft,  which  is  the  great- 
they  obferved  in  the  Indian  fea.  Plencc  to 
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the  ifland  Bourbon^  and  to  Pondichery  and  Mer- 
guy^  they  found  it  lefs  and  lefs  every  day,  as  at 
their  return  they  found  it  every  day  greater  and 
greater  to  the  fame  term,  and  about  the  fame  dis¬ 
tance  from  the  Cape.  Dr.  Halley  only  differs 
about  half  a  degree  from  thefe  observations. 

The  other  observations  made  by  theSe  perSons 
in  the  Indian  Sea,  differ  but  little  from  thoSe  re¬ 
lated  by  M.  Cajfmi.,  fo  that  we  content  ourfelves 
to  refer  to  them. 

TheSe  are  all  the  observations  of  the  variation 
that  the  journals  afforded,  I  ffall  Subjoin  Some 
remarks  made  from  the  Same  journals  for  the  cor- 
rc6lion,  and  improvement  of  lea  charts,  efpecial- 
ly  thoSe  of  Pieter  Goos,  which  might  one  day 
be  rendered  much  more  ufeful  to  navigators, 
were  a  great  number  of  fuch  journals  made. 

The  firft  pilot  of  the  Royal-daupbine  took  no¬ 
tice  of  the  Salvages.,  which  are  certain  dangerous 
iflands  to  the  north  of  the  Canaries.,  whofe  Situa¬ 
tion  therefore  cannot  be  too  exadly  known  by 
the  pilots ;  he  found  them  very  ill  laid  down  on 
the  fea  charts,  being  placed  too  much  eaftward ; 
with  regard  to  the  ifland  of  Porto  Santo.,  at  a 
league  and  hall  South-wefl  of  thefe  iflands,  he 
found  the  latitude  30° —  Their  number  he  ob¬ 
serves  is  two,  whereof  the  more  northern  one  is 
the  greater,  from  whence  a  chain  of  rocks  ex¬ 
tends  for  about  three  leagues  fouth- weft  ward  ;  at 
the  end  whereof  is  a  little  round  ifland,  with  fome 
flat  ground,  where  the  lea  beats  extremely. 

The  firll  pilot  of  the  St.  Louis.,  in  his  paffage 
to  the  ifland  of  Afeention,  found  it  placed  by 
Pieter  Goos,  half  a  degree  too  much  northward. 
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its  latitude  he  obferved  to  be  - 22',  inftead 

of  19° — 52',  as  that  author  makes  it. 

The  fhip  Louis  we  have  already  noted  to  have 
been  the  firft  which  failed  from  the  flraits  of  Ma- 
gellan  diredlly  to  the  Cape  of  Good  Hope,  At  its 
departure  from  the  river  Galleguas,,  it  made  eaft- 
north-eaft  the  fpace  of  1350  leagues,  which 
brought  it  to  that  Cape  ;  but  in  the  way  at  36'^— 

54Matitude,  and  353° - 10' longitude,  by  th® 

reckon!!. g,  they  difeovered  an  ifland  about  a 
league  dillance,  and  foon  after  two  others,  3  or 
4  leagues  to  the  fouth-weft ;  and,  laflly,  a  4th, 
to  the  north-weft,  which  furprized  them  very 
much,  they  being  300  leagues  from  land. 

M.  Brunet  took  thefe  iflands  to  refemble  thofe 
of  Lrijian  de  Cunha^  which  he  had  feen  in  his 
voyage  to  China  on  board  the  Amphi trite  ;  but 
M.  Hebert,,  and  the  firft  pilot  were  of  a  contrary 
opinion,  by  reafon,  according  to  the  reckoning, 
they  had  yet  only  made  750  leagues  from  the  river 
de  Galleguas,,  whereas  Pieter  Goos,  placing  thofe 
ifiands  in  12° — -  of  longitude,  makes  them  1050 
leagues  from  the  faid  river  ;  and  they  were  fur¬ 
ther  confirmed  in  this  opinion  upon  their  arrival 
at  the  Cape  of  Good  Hope,,  where  by  the  reckon¬ 
ing  they  found  35° - of  longitude,  between 

thofe  iflands  and  the  Cape  in  lieu  of  26°— —• 
according  to  the  chart,  which  makes  a  difference 
of  1 50  leagues  in  this  parallel.  Upon  this  they 
made  no  difficulty  of  accounting  them  a  new 
difeovery,  and  gave  them  the  name  of  the  He^ 
hert  iflands,  or  the  new  iflands  of  L'rijlan  de 
Cunha. 

Yet  to  me  the  opinion  of  M.  Brunet,,  who 
took  them  for  the  very  iflands  of  Lrifian  de 

Cunha 
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Cunha^  appears  much  more  probable.  ’Tis  no 
new  thing  for  pilots  to  make  new  difcoveries, 
and  impofe  new  names  upon  iflands  known  long 
before  them,  of  which  we  have  an  inftance  in 
the  ifland  of  St.  Helena.,  which  having  been 
placed  by  the  nrft  navigators  more  wefterly  than 
it  really  is,  was  afterwards  found  by  others  more 
eafterly  than  it  had  been  laid  down  in  the  charts, 
which  made  them  take  it  for  a  new  iQand  in  the 
fame  latitude,  but  a  different  longitude  from  the 
firft,  and  accordingly  they  gave  it  the  name  of 
the  new  ifland  St.  Helena.,  and  inferted  it  in  the 
fea  charts  *,  in  moft  whereof,  particularly  thofe 
of  Pieter  GooSy  it  is  ftill  found  fo.  The  ifland 
St.  Apollonia  in  the  Indian  fea  is  the  fame  with 
the  ifland  of  Bourbon  ;  and  the  IJle  of  Dogs  in  the 
South-Sedy  found  by  Le  Maire  in  1616,  is  the 
fame  with  the  ifland  of  TiburoneSy  difcovercti 
by  Magellan  in  1520*,  fo  in  all  likelihood 
the  new  iflands  difeovered  by  our  navigators, 
are  no  other  than  thofe  of  T'riflnn  de  Cunka. 
For  Dr.  Halley y  who  was  at  the  iflands  of  P'rif- 
tan  de  CuHha  in  1700,  lays  them  down  in  his 
chart  at  the  fame  diffance  whicli  the  reckoning 
of  thefe  perfons  required  ;  tho’  the  chart  of  Pieter 
Goos  makes  them  1 50  leagues  off ;  and  as  to  the 
diffance  of  thefe  iflands  from  the  river  de  Gale- 
guasy  which  by  their  reckoning  was  750  leagues, 
’tis  true.  Dr.  Halley  makes  it  i  70  leagues  more  ; 
but  then  the  longitude,  in  which  that  author 
places  the  mouth  of  this  river,  mufl;  be  dimi- 

niflicd  by  10'’ - as  I  have  done  in  my  map  of 

South  America.,  from  feveral  alilired  cA>l'ervacions, 
and  among  others,  that  of  an  eclij)fe  on  the  i3rh 
Mar.  1653,  obferved  by  father  Mafcardi  in 
the  valley  of  Biicakne  in  Chili  j  for  by  this  ob- 

Icrvation, 
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ervation,  compared  with  others  made  at  Paris^ 
Bucalene  is  weft  ward  of  Paris ^  and 

confequently  the  river  of  Galegnas^  whofe  dif- 
tance  from  Bucalene  is  known,  fhould  only  be  68° 
from  Paris  ;  add,  that  by  the  obfervations  of 
father  Fontaney  it  appears,  that  the  Cape^  of  Good 

'Hope\%  17° - 45' more  eaftward  than  Paris  % 

fo  that  the  diftance  between  that  Cape  and  the 

river  of  Galeguas^  muft  be  84° - >25,  which 

comes  within  a  degree  and  half  of  the  reckoning 
of  the  St,  Louis, 

^  y 
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XI.  ReJleBions  on  the  obfervations  oj  the  Jliix 
and  rejlux  of  the  fea^  thade  at  Havre  dc 
Grace,  by  M,  BoilTaye  du  Bocage,  pro- 
fejjor  of  hydrography^  durmg  the  yean 
1701  and  1702.  by  M,  Caffini, 
tranfated  by  Mr.  Chambers. 

f 

The  place  chofen  by  M.  Du  Bocage  for  his 
obfervations,  was  a  part  of  the  port  beft  under 
fhelter,  here  he  ere6led  a  plank  10  feet  \  long 
againft  the  wall  of  the  port,  and  divided  it  into 
inches,  whereon  he  obferved  the  tides  which 
happened  in  the  day-time,  having  no  conveniency 
for  taking  thofe  of  the  night. 

He  obferves,  that  the  fea,  while  it  rofe,  drove 
to  the  fouth-eaft  and  to  the  north -weft,  when  it 
fell ;  that  the  wind  which  traverfed  the  road  was 
weft-north-weft,  and  at  the  entrance  of  the  port 
lay  in  the  diredlion  of  the  weft-fouth-weft  wind. 

The  journal  of  his  obfervations  begins  on  the 
9th  of  Aprils  1701,  and  ends  on  the  26th  of 
May^  1702. 

At  firft  he  contented  himfelf  with  marking 
day  by  day  the  part  of  the  plank  to  which  the 
flood  rofe,  with  the  winds  that  blew  both  in  the 
ebb  and  flow  ;  but  two  months  after,  beginning 
on  the  loth  of  he  obferved  the  hours  and 
minutes  of  high  water,  which  he  continued  till  the 
end  of  his  obfervations,  excepting  a  little  interval 
between  the  nth  and  28th  oiNov.  during  which 
he  was  obliged  to  have  his  watch  mended. 

Upon  examining  the  times  of  high  water  ob¬ 
ferved  at  Havre  de  Grace^  we  find  that  on  the 
days  of  full  moon,  the  flood  ufually  happens  a 

*  Aug.  13,  1710. 
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little  after  9  in  the  morning.  The  earliefl:  high 
water  was  on  the  19th  of  July^  the  day  of  full 
mo'on,  when  it  happened  at  39'  paft  8  in  the 
morning  ;  and  the  Jateft  was  on  the  12th  of 
Aprils  at  39'  paft  9'*,  which  gives  a  variation  of 
an  hour,  in  the  time  of  the  tides  for  the  day  of 
full  moon. 

Suppofing  the  time  of  high  water  at  Havre  de 
Grace  on  the  day  of  full  moon  to  be  at  9’ — 26'  in 
the  morning,  when  the  time  of  full  moon  coin¬ 
cides  with  that  of  high  water,  and  that  an  al¬ 
lowance  is  made  of  2'  for  each  hour,  that  the 
time  of  full  moon  comes,  before  or  after  the  time 
of  high  water,  as  already  fettled  at  Dunkirk^  we 
we  ftiail  find  lefs  variations  in  the  times  of  high 
water  obferved  at  Havre  de  Grace,  For  an  in- 
ftance,  on  the  1 9th  of  1701,  high  water 

happened  at  8  ' - 39^  in  the  morning,  which  is 

the  greateft  anticipation  M.  Du  Bocage  obferved. 
Now  full  moon  is  marked  that  day  in  the  alma¬ 
nack  at  II ' — 50^  in  the  evening,  the  difference 
between  9'' — iG  m  the  morning,  and  ii‘’ — -50' 
in  the  evening,  is  14'' — 24' ;  to  which  at  the 
rate  of  2'  per  hour  anfwer  29^,  which  fubftradled 

from  9'’ — 26',  give  8’ - 57^  for  the  time  of 

high  water,  within  1 8^  of  what  was  obferved  at 
Havre  de  Grace, 

’Tis  obferved,  that  the  19th  of  July^  1701, 
is  the  fame  day  on  which  the  greateft  acceleration 
of  high  water  at  full  moon  was  obferved  at  Dun- 
kirk. 

As  to  the  lateft  high  water  on  the  days  of  full 
moon,  it  was  found  on  the  12th  of  April  at  9'^ 

- 39^,  the  full  moon  happening  at  o'" - 13' 

in  the  evening  *,  fo  that  here  flioiild  have  been 
an  anticipation  of  G\  wliich  fubtradled  from 
9 - 26',  gives  the  time  of  high  water  on  the 
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1 2th  of  Aprils  1701,  at  9’’ - 20'  within  19'  of 

what  was  obferved. 

Upon  a  like  exaraination  of  the  obfervations 
of  high  water  made  at  Havre  in  the  time  of  new 
moon,  it  appears  at  firft  fight,  that  the  floods  in 
the  new  moons  happen  12  or  13' later,  than  in 
the  full  moons  ;  and  yet  allowing  for  the  accele¬ 
ration  or  retardation  of  2' hour  above-men¬ 
tioned,  and  fuppofing  the  time  of  high  water  in 
the  new  moons  at  Havre^  to  be  at  9'’ — 26'  in  the 
morning,  as  in  the  full  moons,  the  obfervations 
of  the  full  moons  will  be  cafily  reconciled  to  thofe 
of  the  new  moons,  excepting  two,  whofe  regula¬ 
rity  w^as  extraordinary,  there  being  an  anticipa¬ 
tion  of  feveral  minutes  in  the  time  of  high  water, 
between  one  day  and  another,  in  lieu  of  the  ufual 

retardation. - The  new  moon,  wherein  high 

water  came  the  earlieft,  was  on  the  2  9th  of  Nov. 

1701,  when  it  was  flood,  at  8'’ - 56' in  the 

morning,  and  the  new  moon  is  marked  in  the 
almanack  at  10^- —  -i  in  the  evening  of  that 

day,  .the  difference  between  9*’' - 26'  in  the 

morning,  and  10’' - ii'inthe  evening,  is  12’^ 

— - ^45'*  tc)  which  anfwer  25' 7,  which  fub- 

fl;ra6led  from  9'' — - 26',  by  reafon  the  new 

moon  happened  on  the  evening,  gives  the  time  of 

high  water  at  9'’- - d  7,  within  4!  of  what 

was  obferved. 

.  It  is  obfervable,  that  this  new  moon  was  the 
fame  as  that  wherein  the  greatefl:  acceleration  of 
high  water  was  found  at  Dunkirk^  which  we  have 
attributed  to  the  time  of  new  moon,  which  hap¬ 
pened  at  10^ - 1  f  in  the  evening. 

The  new  moon,  wherein  it  was  found  flood 
the  latefl,  was  that  of  Aup^uji  the  4th,  1701, 

high  water  on  that  day  was  found  at  9*^ - 48^ 

in  the  morning,  and  the  new  moon  is  fixed  by 

the 
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the  almanack  to  10^ - 15'  in  the  fame  morn¬ 

ing.  Now  by  the  rule  laid  down,  high  water 
would  have  happened  at  9” - in  the  morn¬ 

ing,  within  24'  of  what  was  obferved  ;  but  it  is 
obfervable,  that  from  the  4th  to  the  5th  of  Aug. 
there  was  an  anticipation  of  1 1'  in  time  of  high 
water,  in  lieu  of  a  retardation  ;  fo  that  nothing 
can  be  built  upon  this  obfervation,  nor  even  upon 
that  of  the  2d  of  September ^  1701,  the  day  of 
new  moon,  when  high  water  was  obferved  at 
9’'— 46'  in  the  morning,  there  being  an  antici¬ 
pation  here  likewife  of  'id  from  the  2d  to  the 
3d  of  Sept, 

As  to  the  higheft  tides  at  Havre  de  Grace^  they 
do  not  ufually  fall  upon  the  day  of  new  and  full 
moon,  but  one  or  two  days  after,  as  has  been  ob¬ 
ferved  at  Dunkirk},  and  as  they  have  likewife 
been  found  not  only  in  other  parts  of  the  chan¬ 
nel,  but  on  the  coafts  of  Africa  and  America. 

The  higheft  tide  obferved  at  Havre  was  on  the 
15th  of  Feb.  1702,  when  the  flood  rofe  18  feet, 
3  inch.  3  days  after  full  moon,  which  had  hap¬ 
pened  on  the  1 2th  of  the  fame  month  at  3^- - - 

2'  in  the  evening,  the  wind  was  then  very  ftrong, 
and  blew  at  fouth-fouth-weft,  which  confpiring 
with  the  tide,  and  driving  it  towards  the  port, 
might  have  contributed  to  its  extraordinary  eleva¬ 
tion  that  day. 

As  to  the  tides  near  the  equinoxes  at  new  and 
full  moons,  fome  of  them  are  higher,  and  others 
lower  fo  that  it  can  be  no  rule  at  HavrCy  that 
the  equino(5lial  tides  are  the  higheft. 

What  is  further  remarkable  is,  that  the  heights 
of  the  tides  keep  exadtly  pace  with  the  different 
diftanccs  of  the  moon  from  the  earth  in  all  ftates, 
whether  near  the  equinoxes,  or  at  any  diftance 
therefrom,  as  has  likewife  been  obferved  at  Dun- 

D  2  ki'rk. 
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kirk.' - For  an  inftance  on  the  loth  of  Aprils 

1701,  two  days  after  the  new  moon  fuccceding 
the  vernal  equinox,  the  height  of  the  water  was 
found  15  feet,  6  inches,  6  lines,  v/hich  is  lower 
by  I  foot,  3  inches  |,  than  on  the  loth  May  ; 
two  days  after  the  next  full  moon,  which  yet  was 
further  from,  the  equinox,  agreeably  to  the  di- 
ftance  of  the  moon,  which  was  farther  from  the 
the  earth  on  the  8th  of  Aprils  the  day  of  new 
moon  ;  than  on  the  24th  of  Aprils  the  day  of  full 
moon  ;  fo  on  the  19th  of  September^  1701,  two 
days  after  the  full  moon  next  the  autumnal  equi¬ 
nox,  the  height  of  flood  was  found  15  feet,  ir 
inches,  which  was  lower  by  i  foot,  10  inches, 
than  on  the  4th  of  October ;  two  days  after  next 
nev/  moon,  when  the  water  was  found  17  feet, 
9  inches,  high,  one  of  the  higheft  tides  that  had 
been  known  ;  and  again  on  the  i6th  of  next  Octo¬ 
ber  ^  the  day  of  full  moon  high  water  was  ob- 
fcrved  16  feet,  3  inches,  which  was  lower  than 
on  the  4th  of  Obfoher ;  and  on  the  ifl;  of  Ncvem- 
her  it  was  found  1 6  feet,  1 1  inches,  which  was 
higher  than  on  the  4th  of  O^ober. 

Thefe  different  heights  of  the  tides  cannot  be 
owing  to  the  different  diflances  of  the  fun  from 
the  equinoxes;  fince  the  water  was  lower  near  the 
etjuinox,  than  in  the  other  obfervations  further 
from  it ;  but  they  agree  perfedlly  with  the  diffe¬ 
rent  diftances  of  the  moon  from  the  earth,  at  the 

time  of  new  and  full  moons.- - For  on  the 

17th  of  September^  the  moon  was  further  from 
the  earth  than  in  the  other  obfervations  on  the 
2d  of  O^ober  ;  it  was  nearer  on  the  i6th  of  the 
iame  month  ;  it  w^as  further  diftant  than  on  the 
4th,  but  lefs  on  the  September  \  and  on 

the  3  ifl:  of  Ouiober  it  was  nearer  than  on  the  17th, 
but  further  than  on  the  4th  of  O^ober. 

1 


It 


'  Royal  Academy  ^Sciences'  2t 

It  would  be  tedious  to  rehearfe  all  the  relations 
between  the  obfervations,  and  the  diftances  of  the 
moon  from  the  earth  ;  it  may  fuffice  to  obferve,  ' 
that  on  the  15th  of  March^  1702,  high  water 
was  found  17  feet,  i  inch  f,  whereas  on  the  30th 
of  March^  at  an  equal  diftance  from  the  equinox, 
it  was  only  found  15  feet,  8  inches;  and  that  on 
the  1 5th  of  April  it  was  obferved  1 7  feet,  6  in¬ 
ches  ;  and  on  the  28  th  of  Aprils  15  feet,  2  in¬ 
ches,  all  which  agrees  with  the  different  diftances 
of  the  moon,  which  was  nearer  the  earth  on  the 
15th  of  April  \  and  further  off  on  the  28th  of  the 
fame  month,  than  in  any  other  preceding  obfer- 
vation,  as  may  be  feen  in  the  following  table; 


I 
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A  T'ABLE  of  the  time  and  height  of  the  tides. 


Days  and  Hours  of  the  new 
and  full  moons. 

Timeofhlgli 
water  ob- 
ferved. 

Time  of  high 
water  calcu* 
iated. 

Heiglit  of  th« 
fca 

1701. 

H. 

M. 

H.  M. 

H. 

M. 

F. 

In.  L. 

• 

8 

Apr. 

10 

54  M. 

e 

22 

Apr. 

5 

16  E. 

16 

3 

# 

8 

May, 

I 

42  M. 

*5 

2 

© 

22 

May, 

2 

18  M. 

*5 

1 1 

# 

6 

June, 

2 

28  E. 

9 

16 

H 

1 1 

6 

© 

20 

June, 

0 

26  E. 

9 

I 

9 

20 

15 

4 

# 

6 

0 

58  M. 

9 

25 

9 

43 

*5 

0 

3 

© 

>9 

July. 

1 1 

50  E. 

8 

39 

8 

57 

6 

9 

# 

4 

Aug. 

10 

15  M. 

9 

48 

9 

24 

^5 

8 

6 

© 

i8 

Aug. 

2 

6  E. 

9 

6 

9 

16 

I 

15 

4 

# 

2 

Sept. 

6 

5  E. 

9 

46 

9 

8 

I 

z 

*5 

1 1 

6 

© 

I? 

Sept. 

5 

56  M. 

9 

30 

9 

34 

15 

4 

# 

2 

oa. 

2 

20  M. 

9 

33 

9 

40 

*7 

2 

© 

i6 

oa. 

1 1 

24  E. 

9 

12 

8 

58 

16 

3 

31 

oa. 

1 1 

24  M. 

9 

34 

9 

22 

16 

7 

6 

© 

>5 

Nov. 

5 

4  E. 

9 

1 1 

*5 

10 

# 

29 

Nov. 

10 

1 1  E. 

8 

56 

9 

0 

*7 

0 

CO 

*5 

Dec. 

.  10 

16  M. 

9 

30 

9 

24 

*5 

4 

8 

• 

29 

Dec. 

10 

47 

8 

59 

9 

23 

*5 

1 1 

9 

1702. 

G 

14 

Jan. 

I 

12  M. 

9 

25 

9 

43 

16 

5 

8 

• 

28 

Jan. 

I 

57 

9 

45 

9 

43 

16 

I 

6 

© 

12 

Feb. 

3 

2  E. 

9 

6 

9 

15 

15 

9 

• 

26 

Feb. 

6 

15  E. 

9 

25 

9 

8 

*5 

6 

4 

© 

H 

Mar. 

I 

48  M. 

9 

34 

9 

41 

I 

z 

16 

7 

• 

28 

Mar. 

1 1 

7  M 

9 

38  \ 

9 

23 

*5 

3 

© 

12 

Apr. 

0 

13  E. 

9 

39 

9 

20 

16 

9 

e 

27 

Apr. 

5 

49  M. 

9 

40 

9 

33 

*5 

0 

9 

© 

1 1 

May, 

4 

59  E- 

9 

23 

9 

1 1 

16 

3 

3 

o 

26 

May, 

8 

27  E. 

9 

25 

9 

4 

*4 

i 

6 
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in  the  new  and  full  moon  at  Havre  de  Grace. 


Dlflance  of  the 
fun  front  the 
apogee  uf  the 
moon. 

Didance  of 
rhe  moon 
from  the 
.^arth  in 
conjunft. 
and  oppof. 

Day  of  the 
higheft  tide. 

Heightofthe 

fea. 

D.  M.  S. 

F. In.  L. 

I  0  21 

105589 

10  April. 

15  6  6 

24  April. 

16  10 

9,  10  May. 

15  6  5 

23  May. 

16  06 

8,  9  June. 

15  7 

3  2  33 

99713 

\z\  June. 

15  5  9 

3  i6  2 

98372 

7  July. 

15  3  3 

22  July. 

15  0  3 

7  Augull. 

16  10 

19  Auguft. 

15  II  6 

4  September. 

17  6 

5  i8  lo 

106340 

19  September. 

15  11* 

6  I  13 

93469 

4  Oftober. 

17  9 

1 6, 1 7  Odlober. 

16  3 

1  November, 

16  II 

16  November. 

15  II 

!30  November. 

17  10 

18  December. 

.5  '6 

30  December. 

16  56 

1702. 

9  4  37 

IOOOI3 

14  January. 

1658 

9  17  19 

100477 

29  January. 

16  49 

15  February. 

18  3 

28  February. 

17  2 

15  March. 

17  16 

30  March 

15  8 

n  22  55 

93519 

15  April. 

17  6  9 

0  S  ‘12 

106496 

28  April. 

IS  2  3 

1 1 2  May. 

17  Q 

1 

If 
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If  now  we  examine  the  time  of  high  water  ob- 
ferved  in  the  quadratures,  we  fliall  find  it  happen 
at  Havre  30'  pad  2  in  the  evening. 

Among  the  23  obfcrvations  made  hereof,  the 
flood  which  come  the  earliefl,  was  on  the  6th  of 
March^  1702,  at  i'’ — 55' in  the  evening,  and  the 
lateft,  on  the  5th  of  at  3'’' — 30'. 

To  frame  fome  rule  of  this  variation,  we  fup- 
pofe  the  mean  time  of  high  water  in  the  quadra¬ 
tures  at  Havre^  to  be  at  2” - 40'  in  the  evening, 

and  add  or  fubtradl  from  this  time  2' per  hour, 
for  the  time  which  the  quadrature  noted  in  the 
almanack  anticipates,  or  comes  behind  the  mean 

time  of  high-water,  as  fixed  at  2'’ - 40'  in  the 

evening. 

For  an  inflance  on  the  6th  of  March^  1702, 
high  water  was  obferved  at  i'' - 55'  in  the  even¬ 

ing  *,  the  firfl  quadrature  is  noted  in  the  almanack 
for  that  day  at  lo*" — 24' in  the  evening,  the  diffe¬ 
rence  between  2'’  40'  and  to' — 24'  in  the  evening, 
is  7’' — 44',  to  which,  at  the  rate  of  2' per  hour, 

anfwer  15'!?  ’which  fubflraded  from  2' - 40', 

gives  2'’ — 24^  f,  for  the  time  of  high  water 

within  29'  I  of  what  was  obferved.- - So  on 

■the  5th  of  May^  17^)2,  the  day  when  the  tide 
came  lateft  in  the  quadratures,  high  water  was  ob¬ 
ferved  at  3  - - 30',  the  firft  quadrature  is  fixed 

in  the  almanack  at  i’ - 59',  that  day  in  the 

morning  the  difference  between  i' - 59”'  in  the 

morning,  and  2" - 4c' in  the  evening,  is  12'' — 

41',  to  which  at  2  per  hour,  anfwer  25-,  which 

added  to  2’'- — ^ — 40',  give  3  - - 5',  for  the 

time  of  high  water  within  25'  of  what  was  ob-. 
ferved. 

The  time  of  high  w\ater  would  have  been  found 
more  exadlly  in  thefe  two  obfcrvations,  if  in  lieu 
of  2^  for  each  hour  of  anticipation,  or  retardation, 

we 
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we  had  taken  3',  which  agrees  nearer  with  the  re¬ 
tardation  of  the  tides  from  1  day  to  another,  about 
the  quadratures  which  ufualJy  e^cceeds  an  hour. 

High  water  happening  at  flavre  in  the  new 
and  full  moons  at  9" — 26^  in  the  morning,  and  in 
the  quadratures  at  2'’ — 40',  wt  have  ^ — 14'  for 
the  interval  between  the  times  of  high  water  from 
the  new  and  full  moons  to  the  quadratures,— - 
This  interval  was  found  at  Dunkirk  5^—12', 
which  fhews  the  great  conformity  between  the 
times  of  the  tides  in  thofe  2  ports. 

As  to  the  lead  tides  obferved  at  Havre  de  Grace^ 
they  do  not  ufually  happen  in  the  2  quadratures, 
but  I  or  2  days  after  the  firft  or  laft  quarter. — 
The  lowed  tide  was  found  on  the  8th  of  March^ 
1702,  two  days  after  the  id  quadrature,  the  wa¬ 
ter  on  that  day  rifing  only  9  feet,  8  inches,  4 
lines;  and  the  highed  tide,  as  already  mentioned, 
happened  the  1 5th  of  February^  and  rofe  1 8  feet, 
3  inches;  fo  that  there  is  a  difference  of  8  feet, 
7  inches,  between  the  highed  and  lowed  tides  at 
Havre ;  whereas  the  difference  was  only  found  7 
feet  at  Dunkirk, 

By  comparing  the  different  heights  of  the  tides 
obferved  at  Havre^  about  the  quadratures,  we 
likewife  find  them  bear  a  near  relation  to  the  dif¬ 
ferent  didances  of  the  moon  from  the  earth,  as 

will  appear  from  the  following  table. - - 

Where  it  is  obfervable,  that  on  the  2 2d  of  Janu¬ 
ary,,  1702,  the  moon  being  in  Perigeo  about  the 
quadratures,  the  height  of  the  flood  was  found  1 3 
feet,  2  inches,  8  lines,  which  is  lefs  only  by  2 
feet,  than  on  the  28th  of  Aprils  1702,  tWo  days 
after  the  new  moon,  which  was  then  in  apogeo. 


VoL.IV.  N^35. 
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ATABLE  of  the  time  and  height  of  the 


Days  and  hours  of  the 
quadratures. 

Time  of 
iitih  water 
-bfervcd. 

Time  of 
hiiih  water 
calculated. 

Heijlftoftht 

fra. 

1701. 

H.  M. 

H.M. 

H.M. 

F. 

In. 

L. 

1  □  16  Apr. 

2  8  M. 

3 

6 

1 1 

2 

6 

3  n  29  Apr. 

10  25  E. 

2 

24 

1 2 

2 

6 

1  □  15  May 

9  6  M. 

2 

51 

13 

0 

6 

3  Q  29  May 

3  38  E. 

2 

38 

1 2 

3 

0 

I  □  1 3  June 

2  26  E. 

3 

I  S. 

2 

40  i 

13 

6 

3  □  28  June 

9  14  M. 

3 

10 

^2 

1 

5* 

1 1 

9 

I  □  12  July 

7  ‘7  E. 

2 

5 

31 

13 

1 1 

3028  July 

2  23  M 

3 

0 

13 

5 

1 1 

10 

I  □  1 1  Aug. 

I  14  M. 

2 

50 

I3 

7 

*3 

II 

6 

3  □  26  Aug. 

6  6  E. 

2 

°  f 

2 

33 

12 

4 

3 

1  rj  9  vSepc. 

9  20  M. 

2 

42 

2 

5* 

*3 

7 

8 

3  U  25  Sept, 

7  58  M. 

2 

24 

2 

53  1 

1 1 

3 

6 

I  □  8  0a. 

8  47  E. 

2 

29 

2 

28 

13 

6 

4 

3  n  24  od. 

7  5°E. 

2 

30 

2 

30 

1 1 

7  9 

I  0  7  Nov. 

0  17  E. 

2 

5* 

2 

45 

12 

5 

3  D'23  Nov. 

6  0  M. 

2 

58 

1 2 

6 

1  Ll  7  Dec. 

7  31  M 

2 

?i 

2 

54  1 

1 2 

4 

3  D  22  Dec. 

8  48  E. 

2 

39 

2 

28 

13 

6 

1702. 

1  n  6  Jan. 

5  47  M. 

3 

4 

S8 

H 

33 

3  □  20  Jan. 

10  41  E. 

2 

13 

2, 

24 

15 

3 

r_ 

f 

I  Q  5  Feb. 

2  34  M. 

2 

36 

3 

4 

12 

5 

3 

3019 

6  33  M. 

2 

24 

2 

56  f 

*3 

4 

I  □  6  Mar. 

10  24  E. 

I 

55 

2 

24  1 

1 1 

3 

6 

3  □  20  Mar. 

3  47  E- 

2 

46 

2 

38 

13 

4 

9 

J  □  5  Apr. 

2  9  E. 

2 

12 

2 

41 

1 1 

8 

3  □  19  Apr. 

3  39 

3 

H 

3 

2 

12 

2 

9 

in?  May 

I  59  M. 

3 

30 

3 

6 

1 1 

5 

3  □  18  May 

4  4E. 

3 

0 

2 

37 

12 

2 

8 

t 
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tides  in  the  quadratures  at  Havre  de  Grace. 


Diftance  of  the 
fun  from  the 

Diftance  of 
the  moon 

Day  of  the 

Heiehtofthe 

apo(*ee  cf 

tiie 

earth  in  the 

loweft  tide. 

fea. 

moon. 

qmdrarurf*. 

D. 

.M. 

s. 

F. 

[n.  L. 

17 

April. 

10 

10 

I 

May. 

10 

10 

6 

16 

May. 

12 

7 

6 

30 

May. 

I  I 

4 

2 

26 

40 

97615 

H 

June. 

13 

0 

3 

9 

17 

106250 

29 

June. 

I  I 

3 

H 

July. 

12 

1 1 

29 

July. 

I  I 

6 

13 

Auguft. 

12 

7 

28 

Auguft. 

I  I 

8 

6 

10 

September. 

I  1 

8 

9 

5 

25 

8 

102165 

26 

September. 

10 

7 

6 

6 

30 

102275 

|.o 

Odlober. 

I  ! 

2 

3 

25 

Odtober. 

10 

4 

8 

8 

November. 

I  I 

5 

23 

November. 

12 

6 

8 

28 

20 

106425 

9 

10 

2 

97717 

22 

January. 

13 

2 

8 

6 

February. 

10 

10 

2 1 

February. 

I  2 

7 

9 

8 

March 

9 

8 

4 

22 

March. 

10 

10 

4 

6 

April. 

10 

6 

3 

11 

28 

56 

IOI725 

20 

April. 

1 1 

6 

3 

0 

12 

40 

100856 

1  7 

May. 

1 1 

6 

20 

,  21  May. 

1 1 

4 

After 
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After  afcertaining  the  retardation  of  the  tides 
in  the  new  and  full  moons,  and  quadratures,  we 
examined  all  the  obfervations  at  Havre  de  Grace^ 
and  found  that  the  mean  retardation  of  the  tide 
from  one  day  to  another  was  almoft  perfedlly  the 
fame  with  that  obferved  at  Dunkirk ;  fo  that  the 
fame  rule  may  ferve  for  finding  the  time  of  high 
water  every  day  in  the  year,  in  both  thofe  ports. 
We  have  alfo  drawn  up  a  table  of  thefe  retardations 
like  that  given  for  Dunkirk^  by  means  whereof  it 
may  be  found,  whether  the  ebbing  and  flowing 

follow  the  fame  rule  in  other  ports. - In  order 

hereto,  the  mean  time  of  the  tide  muft  be  fettled 
in  each  port,  for  the  days  of  new  and  full  moon, 
and  quadratures  for  the  reft,  the  rules  will  obtain 
already  prefcribed. 

The  tides  in  this  table  are  marked  for  every  12 
hours  after  full  moon,  for  the  conveniency  of 
finding  the  morning  and  evening  tides. 
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9’’  26'  M.  mean 
time  of  the  high 
tide  at  Hanjrey 
the  day  of  the 
new  and  full 
moons. 


[2’’  40'  E.  mean 
time  of  the  high 
tide  at  HavrSy 
the  days  of  the 
the  quadratures. 


A  B  L  E  of  the  retardation 
of  the  tides. 


Days  and 
hours  af¬ 
ter  new 
or  fu'l 
moon. 

Retarca- 
tion  of 
the  tides. 

D.  H. 

H. 

M. 

0 

0 

0 

0 

12 

° 

26 

I 

0 

0 

5'^ 

1 2 

I 

1 1 

2 

0 

I 

30 

1 2 

I 

48 

3 

0 

2 

6 

T2 

2 

24 

4 

0 

2 

42 

I  2 

3 

I 

5 

0 

3 

21 

I  2 

3 

41 

6 

o' 

4 

2 

1  2 

4 

21 

7 

0 

4 

39 

Dif. 


M 

26 

24 

2 1 

19 

18 

18 

18 

18 

19 

20 

20 

21 

19 

18 


D.)\  s  sn ' 
iioiius  af¬ 
ter  firft 
or  ]aft 
qinrrer. 

R-^tarda- 
t  on  of 
Che  tides. 

D 

H. 

D. 

H. 

0 

0 

0 

0 

12 

0 

32 

I 

0 

I 

8 

1 2 

I 

49 

2 

0 

2 

32 

12 

3 

1 1 

3 

0 

3 

44 

12 

4 

H 

4 

4 

40 

1 2^ 

5 

4 

5 

0 

5 

28 

12 

5 

50 

6 

01 

6 

1 2 

I2| 

6 

34 

7 

6 

54 

DIf. 

M* 

32 
36 
41 

43 

39 

33 

30 

26 

24 

24 

22 

22 

22 

20 


Rule  firft,  To  find  the  time  of  high  water  at 
Havre^  for  the  days  of  new  and  full  moon,  and 
quadratures. 

Look  in  the  almanack  for  the  time  of  new  and 
full  moon,  and  quadratures,  and  take  the  diffe¬ 
rence  between  this  and  the  mean  time  of  high 
water  expreffed  for  the  day  of  that  phafis  ; 
doubling  this  difference,  you  will  have  the  num¬ 
ber  of  minutes  to  be  added  to  the  mean  time  of 
high  water,  if  the  phafis  anticipate  fuch  mean 

timi^. 


30  7/6^Historv  and  of  the 

time,  or  be  fubtrafled  from  the  time  of  the  phafis^ 
come  behind  the  fame,  the  refult  will  be  the  true 
time  of  high  water  for  the  day  of  the  given  pha- 
Cs,  whether  it  be  new  or  full '  moon,  or  one  of 
the  quadratures. 

For  an  inftance,  fuppofe  the  time  of  high  water 
required  for  the  day  of  new  moon  in  Jan.  1702. 

In  the  Ephemeris  we  find  new  moon  marked  on 
the  28th  of  January  at  — 57'  in  the  morning, 
the  difference  between  o’" — 57'  in  the  morning, 
and  9*" — 26^  in  the  morning.  The  mean  time  of 
high  water  at  new  and  full  moons  in  this  port  is 

8*’ — 29',  the  double  whereof,  mz.  16' - 58''  is 

the  number  to  be  added  to  9'' - 26'.  The  mean 

time  of  high-water  at  Havre  on  account  of  the  full 
moon’s  anticipating  the  time  of  high  water  the 
fum,  viz.  9^ — 43Tsthe  true  time  or  high  water 
on  the  28th  of  January^  1702.  M.  du  Bocage 
obferved  it  9^^ — 45'. 

Rule  2d.  To  find  the  time  of  high  water  at 
Havre  for  any  given  day. 

Seek  by  the  firfl  rule  the  time  of  high  water, 
for  the  day  of  new  and  full  moon,  or  quadrature, 
next  preceding  the  given  day  ;  to  this  add  the  re¬ 
tardation  of  the  tide  correfponding  to  the  diffe¬ 
rence  between  the  given  day,  and  the  day  of  the 
preceding  phafis,  the  fum  will  be  the  time  of  high 
water  for  the  day  required. 

For  an  inftance  ;  fuppofe  the  time  of  high  wa¬ 
ter  required  for  the  firft  of  Feb.  1 702. 

By  Ephemeris  the  phafis  immediately  pre¬ 
ceding  the  firft  of  February.,  is  new  moon,  which 
happens  on  the  28th  of  January.,  1702,  at 

o - jy/  in  the  morning  *,  four  days  before  the 

day  given,  the  time  of, high  water  that  day  is 
found  in  the  preceding  example  to  happen  at 
9* — 43'  in  the  morning  j  add  to  this  2'  — 42'  for 

3 


Royal  Academy  of  Sciences.  31 

the  retardation  correfponding  to  4  days,  the  fum 
will  be  the  time  of  high  water  on  the  given  day, 
viz.  — 2  5'  in  the  evening.  M.  du  Bocage  found 
it  that  day  ato^ — 15' in  the  evening. 

To  find  the  time  of  high  water  immediately  pre¬ 
ceding,  or  following  a  time  thus  found,  we  muft 
fubtradt  or  add  the  difference  in  the  table  corre¬ 
fponding  to  12^. - We  may  likewife  apply 

to  Havre  de  Grace  the  three  laft  rules  laid  down 
for  finding  the  higheft  and  lowefl  tides  at  Dun¬ 
kirk. 

As  the  interval  between  the  new  and  full  moons, 
and  quadratures,  there  is  from  6  days  to  8,  it  fol¬ 
lows,  that  when  this  interval  is  6  days,  the  retarda¬ 
tion  of  the  tide  between  one  day  and  another,  muft 

be  greater  than  when  the  interval  is  8  days. - — 

And  hence  for  the  greater  accuracy,  we  have 
framed  a  table  wherein  the  retardation  of  the  tide 
is  afiigned  according  to  thofe  different  intervals. 
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A  ‘TABLE  of  the  retardation  of  the  tides. 


Days 
and 
hours 
after  the 
new  or 
full 
moon. 


Interval  between  the  day  of  the 
new  or  full  moons,  and  the  days  of 
‘  the  quadratures. 

6Days.j  HyDays.j  j[8  Days.j 


Retardation  of  the  tides. 


X).  H. 


H.  M. 


o  o 
o  27 


D 


0 

51 

I 

13 

I 

33 

I 

53 

2 

12 

2 

31 

2 

50 

3 

’°i 

3 

32! 

3 

56, 

4 

23 

27 

24 

22 

20 

20 

*9 

19 

19 

20 
22 
24 
27 


H. 

M. 

0 

0 

0 

25 

0 

47 

I 

7 

1 

25 

I 

42 

I 

58 

2 

H 

\ 

2 

31 

2 

50 

3 

10 

3 

31 

3 

53 

4 

16 

4 

‘39 

D 

25 

22 

20 

18 

*7 

16 

16 

17 

^9 

20 

21 

22 

23 
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Days 
and 
hours 
after  the 
quadra¬ 
tures. 


interval  between  the  day  of  the 
new  or  full  moons,  and  the  day 
of  the  quadratures. 


6  Days. I  \\j  Days.|  ||8  Days.) 


Retardation  of  the  tides. 


H.  M. 

0 

0 

0 

31 

I 

6 

I 

47 

2 

32 

3 

1 6 

3 

50 

i4 

17 

1  4 

421 

i5 

51 

5 

281 

5 

53| 

6 

18 

H.  M. 

0 

0 

0 

29 

I 

2 

I 

42 

2 

26 

3 

1 1 

3 

45 

4 

12 

4 

37| 

4 

59j 

5 

-1 

5 

i6 

'4, 

6 

‘1 

D.  H.IH.  M. 


0  0 

1 2 

0  0 

0  37 

I  0 

1 2 

I  16 

I  58 

2  0^ 

12 

2  42 

3  26 

3  o|+  3 

124  32 

4  o|4  58j 

12,5  22| 

5  0 

12 

5  46 

6  0 
12 

7  0 
12 

5: 

37 

39 


44 

37 

26 

20 

24 

24 


a 

31 


34 

27 

25 

^3 

3 

25 


D 

29 

33 


34 

27 

23 

22 

23 


To  make  ufe  of  this  table,  we  find  in  the  Ephe^ 
meris  the  numbers  of  days  between  the  phafis  im¬ 
mediately  preceding,  and  that  fucceding  the  given 
day,  and  take  the  retardation  of  the  tide  exprelTed 
in  the  column  under  that  number  of  days. 

For  an  inftance;  fuppofe  the  time  of  high  water 
required  for  the  ift  of  February^  1702,  which  is 

the  inftance  propofed  under  the  2d  rule. - The 

Phafis  next  preceding  the  ift  of  February^  is  the 
new  moon  of  the  28th  of  January^  and  the  phafis 
following  it,  is  the  firft  quadrature  which  happens 
on  the  5th  of  February ;  the  interval  between 
thefe  two  phafes  is  8  days :  feck  under  the  column 
VoL.  IV.  N^.35.  F  marked 
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marked  a-top  with  8  days,  the  retardation  anfwer- 
ing  to  4  days,  which  is  2  hours  31  ;  add  this  to 
9'’ — 43'  (the  time  of  high  water  on  the  day  of  the 
preceding  new  moon  found  by  the  rule)  and  the 
fum  will  give  the  time  of  high  water  on  the  ill  of 
Februar^^  1702,  at  o’" — 14'  in  the  evening  within 
a  minute  of  what  was  adlually  obferved. 

I 

XII.  Refections  on  the  obfervations  of  the 
tides  made  at  Breft,  and  at  Bayonne,  by 
M.  Caffini,  the  fon,  * 

Having  found,  that  the  obfervations  of  the  flux 
and  reflux  of  the  fea,  made  at  Dunkirk^  and  Ha- 
vre  de  Grace  agree,  fo  that  we  may  ufe  the  fame 
rules  to  find  in  both  thefe  ports  the  time  of  high 
water,  for  every  day  in  the  year,  precifely  enough. 
We  have  thought  proper  to  examine  if  thefe  rules 
agreed  wi  h  the  obfervations  upon  the  tides  made 
at  Breft  and  Bayonne^  by  MefT.  de  la  Hire  and 
Picard,  . 

Thefe  obfervations  are  related  in  the  colle6lion 
of  the  travels  of  the  academy ;  they  were  made 
at  Breft^  in  September  \6y()^  in  the  king’s  garden, 
which  has  a  view  to  the  port  where  the  fea  is  com¬ 
monly  very  calm. 

MefT.  de  la  Hire  and  Picard  obferved  there, 
from  the  i8th  to  the  September^  the  time 

of  high  and  low  water.  They  did  not  wait  ro 
make  their  obfervations,  till  the  tide  was  entirely 
high  or  low,''becaure  then  it  remains  too  long  in  that 
ftate  ;  but  they  marked  2  diflant  times  before 
and  after,  in  which  they  found  k  at  a  certain  exadt 


height 


*  Aug.  16,  1710. 
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height,  which  Jafted  fo  Jittle,  that  they  made  no 
difficulty  CO  mark  even  to  feconds.  They  after¬ 
wards  took  the  middle  of  the  time  which  pafled  be¬ 
tween  the  correfponding  obfervations. 

In  comparing  at  firft  the  retardation  of  the  tide, 
from  the  18th  to  the  September^  they  found 

it  48^  equal  to  the  mean  motion  of  the  moon.  This 
retardation  is  afterwards  a  little  lefs  to  the  26th 
of  the  fame  month;  but  from  the  26th  to  the 
2  8ch,  it  is  exceffive,  there  having  been  from  the 
26th  to  the  27th,  a  retardation  in  the  time  of  high 
water  of  i'’  9'  45'^,  and  from  the  27th  to  the  28  th 
of  i*"  30^  30''. 

As  the  rules,  that  we  have  preferibed  to  find 
the  time  of  high  water  at  Dunkirk  and  Havre  de 
Grace^  require  the  knowing  the  days  and  hours 
of  the  new  and  full  moons,  and  of  the  quadra¬ 
tures,  we  have  examined  the  days  of  the  moon, 
upon  which  thefe  obfervations  have  been  made,  and 
have  found  in  the  Connoijfance  des  Temps  of  1679, 
that  the  moon  was  at  the  full  on  the  20th  of  Sept,  at 
7'’  48'  in  the  morning  ;  and  in  the  laft  quarter,  the 
26th,  at  7  '  4'  at  night.  The  20th  of  Sept,  the  day 
of  the  full  moon,  the  height  of  the  tides  was  not 
obferved  there  :  but  by  the  comparifon  of  fome 
obfervations  that  were  made  the  preceding  and 
following  days,  we  fee  that  it  muft  have  hap¬ 
pened  about  4  in  the  evening.  We  find  after¬ 
wards,  that  the  retardations  of  the  tides  was  in 
diminifhing,  and  pretty  near  agree  with  that 
which  refults  from  the  rule  ;  but  from  the  26th 
to  the  28th,  the  daily  retardation  was  greater,  as 
it  ought  to  happen  according  to  the  rule. 
For  (he  laft  quarter  ot  the  moon  being  the  26th, 
it  ought  to  have  a  retardation  from  the  2  6ch 
to  the  27th  of  i  ’  8',  and  from  the  27th  to 

F  2  the 
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the  28th,  of  24',  within  a  few  minutes  of  what 
was  obferved  from  the  26th  to  the  27th  of  10', 
and  from  the  27th  to  the  28  th  of  30'  30^. 

For  the  more  eafy  comparing  the  rule  with 
the  obfervations,  we  have  prepared  the  following 
table  \  where  there  is  marked  in  the  firft  column, 
the  day  of  the  obfervation  ;  in  the  fecond,  the 
time  of  the  high  or  low  water,  determined  by  the 
obfervation;  in  the  third  and. fourth,  the  time 
calculated  according  to  the  firft  and  fecond  table ; 
and  in  the  fifth  and  fixth,  the  difference  between 
the  time  obferved,  and  the  time  calcul  ^ted  accord¬ 
ing  to  the, firft  and  fecond  table  of  the  retardation 
of  the  tides. 
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A  T^ABLE  of  the  tides  obferved  at  Breft. 


1679. 

Time  of  the  high  or 
low- water  obferved. 

Time  calculated. 

Diff.  by 
the  lirti 
table- 

Diff.  bj 
the  fc- 
cond 
table- 

By  the  fir  ft 
table. 

By  the  fe- 
cond  table. 

[  tember. 

• 

Days.  H.  M.  S. 

18  2  25  30  E.  H.  W,’ 

H.  M. 

H.  M. 

M. 

iM. 

19  3  1 3  30  E.  H.  W. 

1  moon 
7  hours 
minutes, 
m.  20 

4  2  E. 

4  2 

21  10  29  30  M.  L.  W.  10  40 

10  43  |:o  ii3  i 

2211  41  45  E.  L.  W.|n  41 

II  49 

0  i 

/  4. 

1  0  25  30  M.  L.  W. 
^+1  0  46  30  E  L.  W. 

0  17 

0  35 

1  0  30 

0  50 

8  i 
”  1 

4  i 
3  f 

25 

1  12  30  M.  L.  W. 
I  34  30  E.  L.  W. 

0  53 

I  13 

I  I  I 

I  34 

19  I 

21  i 

>  k 
0  k 

iiarter  at 
lours  4/ 
light.  26 

I  56  40  M.  L.  W. 
8  6  45  M.  H.  W. 

» 53 

8  6  45 

•  53 

1  8  6, 45 

3  1 
0 

3  1 
0 

27 

3  38  30  M.  L.  W. 
9  16  30  M.  H.  W. 
10  9  30  E.  H.  W. 

2  57^ 

9  15 

9  56 

2  54 

9  9 

9  49 

41  i 
I  f 

*3  1' 

44  I 
7  1 
20  I 

28.10  47  0  M.  H.  W. 

*fle5lions  upon  the  obferva 

Bayoj 

The  obfervations  upon  the 
re  made  at  Bayonne^  by  Pv 
the  Dour^  where  the  Tea  rii 
They  obferved  in  the  fame 
Breft ^  the  preceding  year, 
ter  from  the  12th  of  Seft 
lowing. 

10  39  |io  33 

'f/ons  oj  the  tides 
me. 

flux  and  reflux  ol 
leflf.  de  la  Hire  an 
es  conflderably. 
manner,  that  they 
the  time  of  high 
.  1680,  to  the  41 

8  [14 

made  at 

'  the  Tea, 
d  Picardy 

had  done 
and  low 
th  of  Oef^ 

To 
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To  be  able  to  compare  the  rule  of  the  retai 
dation  of  the  tides  with  the  obfervations,  the' 
frfl:  fought  in  the  Connotjfance  des  Temps  of  i68c 
the  days  and  hours  of  the  phafes  of  the  moon,  an( 
they  found  that  the  moon  entered  the  lafl:  quarte 
the  September^  1680,  at  i‘’4'in  the  morn 

ing ;  that  the  new  moon  following  happened  01 
the  22d  at  7'’  30'  in  the  evening;  and  that  th 
.  firft  quarter  happened  on  the  30th  of  September 
1 4  in  the  evening. 

It  follows  then  from  the  nile  that  to  begin  fron 
the  1 5th  September^  the  day  of  the  laft  quarter 
there  ought  to  have  been  a  great  retardation  in  th( 
tide  from  one  day  to  another,  during  3  or  4  days 
that  from  the  2  2d  of  September  the  day  of  the  nev 
moon  to  the  30th  of  September^  the  day  of  th( 
Jaft  quarter,  there  had  been  an  acceleration  in  the 
tides,  and  that  from  the  30th  of  September^  to  tht 
4th  of  OPlober^  there  ought  to  have  been  a  retar¬ 
dation  in  the  tide,  which  entirely  agrees  with  the 
obfervations. 

This  conformity  of  the  rule  of  the  retardation 
of  the  tides,  with  the  obfervations,  has  given  us 
room  to  examine,  whether  they  agree  in  all  the 
circum dances.  For  this  is  fuppofed,  that  the 
high  water  happens  at  Bayenne^  the  day  of  the 
new  and  full  moon  at  3^  30',  the  fame  that  is 
marked  in  the  Cmnoijfance  des  Temps,  The  in¬ 
terval  between  the  time  of  the  tides  from  the  new 
or  full  moon  to  the  quadratures,  being  5''  14,  as 
they  found  at  Havre^  we  diall  have  the  time  of 
high  water  in  the  quadratures,  at  Bayonne^  at  8*^ 
44'.  Upon  thefe  hypothefes  they  have  calculated 
by  the  rules  preferibed  in  the  preceding  memoir, 
the  time  of  the  high  or  low  water  in  the  obfer- 
vations  made  at  Bayonne,  fince  the  15th  of  Sept. 
and  they  have  marked  them  in  the  table  fubjoin- 
3  ed, 
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with  the  differences,  which  are  for  the  moft  part  fo 
all,  that  we  could  never  have  hoped  to  have  been  able 
arrive  at  fo  great  an  exaeffnefs. 


A  table  of  the  tides  obferved  at  Bayonne. 


1680. 

Times  of  high  and  low 
water  obierved. 

1  Time  calculated. 

By  the  fixft  By  the  le- 
table,  j  cond  table. 

Oiff.  h) 
c  le  fir 
ible. 

Oiff.  hr 
tie  tr¬ 
ot  lui 
rab'i*. 

Cember. 
— ■■ 

1 

Days. 

H.  M.  S. 

H. 

M." 

H. 

M. 

M." 

0  I  0 

M.  L.  \V, 

1 2 

0  24  30 

E.  L.  VV. 

• 

0 

0 

M.  L.  W. 

I  8  4; 

E.  L.  W. 

T  A 

•  3+  30 

M.  L.  W. 

* 

H 

2  0  30 

E.  L.  W. 

quarter, 

2  35  30 

M.  L.  W. 

2 

38 

2 

39 

2 

3 

h.  4  m. 

3  815 

E.  L.  W. 

3 

8 

3 

8 

0 

0 

■5 

9  20  45 

E.  H.  W 

9 

23 

9 

23 

2 

2 

1 

3  44  0 

M.  L.  W. 

3 

39 

3 

38 

5 

6 

16 

9  57  0 

M.  H.  W. 

9 

55 

9 

54 

2 

3 

<  ■■ 

10  40  30 

E.  H.  VV. 

10 

31 

10 

29 

9 

1 1 

18 

0  13  30 

E.  H.  W. 

q 

34 

0 

37 

20 

23 

19 

I  14  0 

M.  H.  W. 

I 

7 

I 

^3 

7 

I 

1 43  0 

•  E.  H.  W. 

1 

37 

I 

40 

6 

3 

2  7  30 

M.  H.  W. 

2 

3 

2 

5 

4 

2 

20 

2  33  0 

E.  H.  W. 

2 

■27 

2 

28 

6 

5 

842  0 

E.  L.  W. 

8 

39 

8 

40 

3 

2 

2  54  0 

M.  H.  W. 

2 

51 

2 

53 

3 

I 

2  I 

9  4  30 

M.  L.  W. 

9 

2 

9 

5 

2 

0 

3  H  50 

E.  H.  W. 

3 

13 

3 

18 

2 

3 

9  23  0 

E.  L.  \V. 

9 

23 

9 

24 

°  1 

1 
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A  'Table  of  the  tides  obferved  at  Bayonn( 


1680. 

Time  of  the  high  and! 
low  water  obferved. 

Time  cal 

By  the  firft* 
table. 

culated. 

By  the  fe- 
cond  table. 

Uiff.  b\ 
the  firft 
table. 

D 

tb 

Cd 

September.  | 

Daysw 
Full  moon 
at  7  hours, 
30  minutes, 
E.  22 

H.  M.  S. 

9  39  0  M.  L.  W. 
9  56  30  E.  L.  W. 

H.  M. 

9  10 

9  35 

H.  M. 

9  10 

9  35 

M. 

29 

21 

- 

23 

toil  30  M.  L.  W. 
10  25  0  E.  L.  W. 

10  I 

10  22 

9  58 

10  19 

1 1 

3 

10  47  0  M.  L.  W. 

11  2  30  E.  L.  W. 

10  43 

1 1  I 
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XIII.  Jn  examination  of  the  filk'  of  fpiders^ 
by  M,  de  Reaumur  *3  tranjlated  by  Mrt 
Chambers, 

I 

The  publick  diflike  had  long  lain  heavy  on 
the  fpider,  and  notwithftanding  fo  many  curious 
things  publiflied  of  it  by  feveral  learned  men,  it 
was  (till  looked  upon  with  fome  degree  of  hor¬ 
ror,  and  held  a  dangerous,  or  at  lead  a  ufelefs 
infefl,  till  a  year  ago,  that  M.  Bon^  firft  prefi- 
dent  of  the  chamber  of  accounts  at  Montpellier^ 
procured  it  a  more  favourable  regard.  There  is 
room  to  hope,  that  the  extraordinary  things  he 
has  fhewn  of  it,  may  be  turned  to  fome  advan¬ 
tage ;  fince,  like  the  filk- worm,  it  fpins  a  filk, 
capable  of  being  made  into  the  fined  works ;  of 
which  the  gloves  and  dockings  he  then  prcfented 
to  the  royal  academy  of  Montpellier^  are  an  in- 
contedible  proof.  A  like  prefent  of  gloves  has 
been  fince  made  to  the  royal  academy  of  Paris ; 
where  the  difcovery,  having  fome  air  of  ufeful-^ 
nefs,  was  thought  worth  the  purfuing  ;  either  that 
the  publick  might  reap  the  fruit  thereof,  or  at 
lead  that  the  infamy  might  be  removed  of  ne- 
gleiding  any  thing  that  might  be  beneficial.  The 
fate  of  the  filk  of  worms  is  notorious,  which  tho’ 
known  had  remained  almod  ufelefs  for  many^ 
ages  *,  and  it  had  been  inexcufable  to  let  the  filk 
of  fpiders  run  the  fame  fortune. 

The  academy  therefore  thought  fit  to  depute 
two  members,  to  purfue  what  M.  Bon  had  fo  in- 
genioufly  hinted  ;  and  I  was  one  of  thofe  the 
choice  fell  upon.  I  accepted  it  accordingly,  not 
only  as  the  publick  good  feemed  concerned  therein^ 
but  our  illudrious  prefident,  the  Abbe  Bignon^ 
*  Nov.  1 2^,  1710. 

VoL.  IV.  36.  G  feemed 
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fcemed  kindly  to  intereft  himfelf  in  behalf  of  the 
poor  fpiders. 

To  go  orderly  to  work,  I  held  it  my  chief 
bufinefs  to  confider  the  filk  of  fpiders,  with  re¬ 
gard  to  that  of  worms,  in  order  to  find  by  this 
comparifon,  whether  the  new  filk  would  be  of  any 
fervice,  anfwerable  to  what  we  receive  from  the 
old  ;  for  it  was  no  longer  any  queftion,  whether 
the  fpiders  fpin  at  certain  times  a  fort  of  filk  fit 
for  manufaduring  •,  this  had  already  been  de- 
monftrated  by  M.  Bon^  paft  all  exception  ;  but 
whether  they  fpin  a  filk  that  may  be  of  advan¬ 
tage  to  the  publick  ?  To  determine  this,  ’tis  not 
enough  to  find  the  fecret  of  feeding  and  bringing 
up  fpiders,  as  fome  learned  men  have  fuppofed, 
but  to  find  whether,  granting  this  fecret  known, 
the  fpider  filk  will  come  as  cheap  as  the  other  f 
or,  in  cafe  it  be  dearer,  whether  this  inconveni¬ 
ence  be  compenfated  by  any  other  advantage  : 
Thefe  two  points  were  what  I  chiefly  aimed  at  in 
my  inquiry,  and  to  thefe  all  I  fhall  offer  in  the 
enfuing  difeourfe  is  reducible. 

The  artifice,  which  fpiders  make  ufe  of  to 
catch  flies,  has  taught  all  the  world  that  they  feed 
on  thofe  infe<5ls ;  but  ’tis  obvious,  that  there  is  no 
feeding  a  number  of  fpiders,  fufficient  to  furnifli 
a  filk  manufacture  with  flies.  What  ftratagem 
mufl:  be  ufed  to  take  the  daily  quantity  of  flies 
neceffary  for  fuch  purpofe  ?  and  tho’  the  method 
of  catching  flies  was  never  fo  much  improved, 
what  better  fliould  we  be,  when  ’tis  vifible,  that 
all  the  flies  in  the  kingdom  would  hardly  fupply  ‘ 
fpiders  enough  to  make  even  an  inconfiderable 
.quantity  of  filk,  as  may  be  eafily  inferred  from 
what  we  have  to  urge  upon  our  fecond  article. 

Recourfe  therefore  muft  be  had  to  fome  new 
food,  whereof  a  fufRcient  quantity  may  commo- 

dioufly 
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dioufly  be  had.  Now  the  rapacious  dlfpofidon 
of  the  fpider  is  a  fufficient  indication,  that  this  is 
not  to  be  had  from  plants,  and  that  neither  their 
flowers,  leaves,  nor  fruits  can  afford  them  a  pro¬ 
per  nutriment.  I  did  not  omit,  however,  to  try 
fuch  foods,  lead  I  fhould  have  it  to  reproach  my- 
felfwith  negle<5ting  any  thing,  and  becaufe  I  was 
aware,  that  in  matters  of  experiment,  things  fre¬ 
quently  happen  otherwife  than  was  expelled  ;  but 
nothing  I  could  give  them  of  this  kind  proved  any 
food  at  all. 

Yet  ’tis  vifible,  that  flies  are  not  the  only  food 
as  may  fupply  them  ;  for  tho’  the  houfe  and 
garden  fpiders  live  chiefly  thereof,  yet  I  have 
frequently  obferved  them  fall  with  equal  appetite 
upon  other  infedls,  which  happen  to  be  caught 
in  their  toils ;  and  the  fpiders  in  particular,  which 
inhabit  the  holes  of  old  walls,  had  made  me  fur¬ 
ther  fenfible,  that  no  infe61:  comes  amifs  to  them  ; 
for,  upon  vifiting  their  cells,  I  have  ufually 
found  thecarcafles  ofdiverfe  kinds  of  infeds  there¬ 
in,  as  millepedes,  caterpillars,  butterflies, 

My  bufinefs  therefore  feemed  to  be  to  find 
fome  infefit,  whereof  there  is  (lore  enough  to  be 
eafily  had,  and  nothing  but  earth-worms  appeared 
to  anfwer  this  view  -,  as  to  quantity,  the  gardens 
and'  fields  are  full  of  them  *,  witnefs  the  allies  of 
gardens,  which,  after  a  rainy  night,  are  covered 
over  with  little  round  bits  of  earth,  each-whereof 
covers  a  hole,  at  which  an  earth  worm  had  arofe, 
nor  is  there  any  difficulty  in  taking  them,  pro¬ 
vided  you  go  in  the  night  with  a  candle,  and  re¬ 
member  never  to  feek  for  them  after  a  fit  of  dry 
weather. 

’Tis  true,  I  have  never  found  any  earth-worms 
in  fpiders  webs,  or  holes,  but  this  was  no  great 
objedion,  confidering  the  weight  of  the  infed, 
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and  its  keeping  altogether  on  the  ground,  which 
makes  it  impoflible  for  the  worm  ever  to  come 
within  the  fpider’s  clutches.  In  effect,  my  ex¬ 
pectation  was  anfwered  ;  for  fhutting  up  fevferal 
large  fpiders  of  diverfe  kinds,  which  had  over¬ 
lived  the  winter,  and  given  them  pieces  of  worms 
to  feed  on,  they  were  preferved  alive  thereby. 

But  it  was  by  no  means  enough  to  convince 
me,  that  this  food  was  proper  for  fpiders,  to  find 
them  live  feveral  months  without  any  other ;  an 
experiment,  I  had  formerly  made,  rendered  this 
very  precarious,  having  kept  a  houle  fpider  alive 
above  3  months,  without  any  food  at  all.  ’Tis 
known  befides,  that  the  young  fpiders,  hatched 
in  September^  lived  8  or  9  months  without  eat- 
ing. 

But  as  I  had  inclofed  my  fpiders  in  boxes,  co¬ 
vered  with  glafs,  I  could  eafily  obferve  whether 
they  meddled  with  the  food  that  was  given  them, 
and  accordingly  have  frequently  feen  them  attack 
pieces  of  worms,  which  would  flir,  notwithfland- 
ing  their  feparation  from  the  reft  of  the  body, 
after  the  like  manner  as  we  find  them  attack  in- 
fecfts,  which  have  fome  ftrength  ftill  left,  after 
being  taken  prifoners  in  their  nets,  the  various 
motions  of  the  pieces  of  worms  having  ferved  to 
ftir  up  thefe  infecfts  of  prey.  It  muft  be  added, 
that  they  maintained  their  bulk  and  vivacity, 
which  thofe  I  had  left  without  food  did  not  ; 
and  what  is  ftill  more  decifive,  feveral  of  them 
made  balls  or  cods,  and  laid  eggs  therein. 

I  afterwards  tried  other  kinds  of  foods,'  to  fee 
whether  they  might  not  be  equally  proper  for 
them  *,  for  how  commodious  foever  worms  might 
be,  flefli  would  have  been  ftill  more  fo :  bur  I 
found,  that  they  did  not  affecft:  it,  and  that  if  it 
fell  in  their  way,  they  rarely  faftened  on  it.  The 
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reafon  may  be,  that  the  fierce  and  rapacious  dif- 
pofition  of  the  fpider,  muft  be  urged  and  excited 
by  Jiving  animals. 

Yet  I  bethought  myfelf  of  another  food,  which 
might  make  up  this  defe6t,  by  the  exquificenefs 
of  its  tafte,  the  young  fpiders,  which  have  juft 
left  their  cods,  preferring  it  to  all  others ;  but 
what  determined  me  to  ufe  it,  was  the  refemblancc 
it  bore  to  the  tender  flefh  of  infers,  which  the 
fpiders  delight  in,  I  mean  the  fubftance,  which 
fills  the  feathers  of  young  birds,  before  they  be 
arrived  at  their  full  growth.  ’Tis  known,  that 
upon  plucking  fuch  feathers,  they  are  bloody  at 
the  end,  and  that  their  quill  or  barrel  is  foft ;  fo 
that  either  fqueezing,  or  cutting  it  up,  we  find  it 
repleat  with  a  foft  fubftance,  interfperfcd  with 
numerous  veflels,  which  difcharge  blood  upon 
cutting  them  ;  having  plucked  fuch  feathers  from 
young  pidgeons,  and  even  old  ones,  which  had 
fometime  ago  been  ftripped  of  the  large  feathers 
of  their  tail  and  wings,  I  divided  them  into  little 
pieces,  a  line,  or  |  a  line  long,  and  thus  threw 
them  to  the  fpiders,  who  feemed  well  pleafed 
therewith,  and  efpecially  the  youngpnes  ;  fo  that 
I  could  fee  5  or  6  clufters  of  them  about  a  Tingle 
piece,  each  of  them  fucking  at  the  fide  it  was 
cut  on. 

Thus  far  things  fucceeded  to  my  wifh,  proper 
foods  being  found  out,'which  alone  feemed  want¬ 
ing  *,  and  ’tis  likely  other  equally  commodious  ones 
might  be  difcovered,  even  among  the  infed:- 
kind,  tho’  what  we  have  already  propofed  is 
eafier  to  come  at  than  the  leaves  of  mulberries, 
wherewith  filk  worms  are  fed.  It  may  be  had 
without  any  trouble  in'  all  countries,  and  without 
running  any  danger  from  iharp  winters.  The 
poulterers  will  furnifh  young  feathers  enough,  or 

they 
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they  may  be  had  by  breeding  up  chickens,  or 
pidgeonSj  and  pulling  off  their  feathers  from  time 
to  time,  which  will  not  hinder  their  laying  eggs, 
and  bringing  young  ones,  as  I  have  found  by 
experience  *,  but  it  will  appear  from  what  follows, 
that  a  large  dedudlion  is  to  be  made,  when  we 
come  to  raife  fpiders  enough  to  furnifli  a  filk  ma- 
nufafture. 

As  foon  as  the  young  fpiders  quit  the  filken 
ball  they  were  inclofed  in,  they  appear  perfedlly 
at  peace,  and  work  in  concert  upon  the  fame  web, 
fome  of  them  fpreading  new  threads  over  thofe 
already  drawn  by  others;  but  fuch  union  does 
not  hold  long.  I  had  diftributed  4  or  5  thou- 
fand  fpiders,  juft  frefh  from  their  balls,  into  feve- 
ral  boxes,  putting  2  or  3  hundred  in  fome,  and 
one  hundred,  or  fifty,  even  lefs  in  others.  The 
boxes  were  about  the  length  and  breadth  of  a  card, 
and  were  as  high,  and  as  wide,  which  was  room 
enough  for  fuch  little  animals.  Finding  them  ga¬ 
ther  upon  the  glafs,  which  covered  the  boxes, 
I  made  an  aperture  in  each  about  a  line  below 
the  glafs,  and  thruft  a  card  through  the  fame, 
which  refted  on  the  width  of  the  box,  and  flopped 
the  aperture  clofe  enough  to  prevent  the  fpiders 
efcaping.  On  this  card,  I  laid  fuch  food  as  I 
had  found  fuitable  for  them,  difpofing  it  fo  near 
the  glafs,  or  upper  furface  of  the  box,  that  the 
fpiders  might  have  their  food  at  hand  ;  and  to 
make  thofe  at  the  bottom,  or  on  the  fides  of 
the  box,  go  in  queft  of  it,  I  had  taken  care  to 
punch  ftore  of  holes  in  the  card ;  by  this  means  a 
great  number  of  fpiders  might  be  fed  in  a  very 
little  time  ;  forthefirft  days  one  might  fee  them 
fall  on  their  food  with  eagernefs,  feveral  of  them 
faftening  upon  the  fame  bit  of  feather. 
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But  their  natural  fiercenefs  foon  declared  itfelf ; 
the  biggeft  and  ftrongeft  took  a  liking  to  eat  the 
fmaller  and  weaker  fort.  In  effe6l,  every  time  I 
viewed  them,  1  could  fee  fome  little  one,  which 
had  fallen  a  prey  to  another  fomewhat  bigger ; 
fo  that  in  a  fhort  time  there  was  fcarce  one  or  two 
left  in  a  box. 

I  knew  that  the  large  fpiders  fometimefi  fight 
together,  when  they  chance  to  meet,  but  was  of 
opinion  that  they  would  grow  more  fociable  by 
being  bred  together,  as  we  find  the  chickens  and 
turkies,  raifed  in  the  fame  yard,  live  amicably 
enough,  tho’  they  always  make  war  upon  new 
comers.  But  the  truth  is,  thefe  young  fpiders 
devour  each  other  much  more  than  the  big  ones : 
whether  it  be  that  thefe  laft  fland  lefs  in  need  of 
food,  or  that  being  heavier,  and  more  bulky, 
they  do  not  care  to  ftir. 

This  inclination  of  the  fpiders  to  eat  one  ano¬ 
ther,  is,  in  fome  meafure,  the  caufe  that  their 
number  is  fo  fmall,  confidering  the  prodigious 
quantity  of  eggs  they  lay.  ’Tis  true,  there  are 
feveral  forts  of  infedls  that  prey  upon  them. 
Pliny  mentions  fome  fpecies  of  hornets  and  li¬ 
zards,  which  make  them  their  ordinary  food. 
I  have  feen  the  little  brown  wall  lizard  catch 
them,  with  infinite  addrefs ;  but  notwithftanding 
all  this,  we  Ihould  find  them  incomparably  more 
numerous  were  it  not  for  their  eating  one  another. 

No  other  way  therefore  feems  left  for  bringing 
up  fpiders,  but  to  lodge  them  feparately.  One^ 
may  provide,  .  for  inftance,  boxes,  which  are 
fubdivided  into  feveral  little  apartments,  forming 
fo  many  diftin^l  cells,  which  1  have  pra(fl:ifed  ac¬ 
cordingly  ;  but  to  give  each  fpider  its  food  a- 
parr,  would  occafion  an  expence  very  difpropor- 
tionate  to  the  profit  accruing  from  them.  This, 

however. 
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however,  might  be  bore  withal,  were  not  the 
filk  of  worms  to  be  had  on  better  terms. 

I  am  fenfible,  that  ways  might  be  found  of 
abridging  this  trouble  of  giving  them  food,  and 
even  have  contrived  fome  myfelf,  which  I  do  not 
think  neceffary  to  defcribe  here ;  but  do  what 
you  will,  ’tis  ftill  to  be  feared,  that  much  more 
time  will  be  employed  therein  than  is  neceffary 
to  give  filk- worms  their  food. 

The  diftributing  the  fpiders  into  feparate  cells, 
does  likewife  draw  on  a  new  difficulty,  which 
greatly  leffens  the  advantage  they  have  over  filk- 
worms  in  point  of  fecundity  ;  for  the  benefit  of 
this  cannot  be  had  without  keeping  a  large  num¬ 
ber  of  eggs,  which  have  been  fecundified  by  co¬ 
pulation,  nor  is  this  pra<5licable  without  putting 
fpiders  together.  I  am  fenfible  there  is  a  time 
when  a  milder  fermentation  of  juices  d  i  veils  thefe 
animals  of  their  natural  fiercenefs,  and  that  they 
may  then  be  put  together  without  danger  ;  but 
how  fhall  we  know  this  precife  time,  which 
withal  is  to  be  a  little  before  that  when  they  are 
difpofed  to  lay  eggs  ?  It  would  be  eafy  finding, 
whether  they  lay  all  their  eggs  nearly  on  the 
fame  days  of  the  year  *,  but  there  are  feveral 
months  difference  between  the  times  when  fome 
lay  from  that  of  others. 

The  fecundity  of  fpiders  is  prodigious,  as  is 
fully  fet  forth  by  M.  *,  but,  after  all,  the  like 
may  be  faid  of  filk-worms,  even  tho’  we  fhould 
only  fuppofe  them  to  lay  about  a  hundred  eggs, 
whereof  hardly  40  afford  worms  that  make  their 
balls  ;  whereas  fpiders  lay  6  or  7  hundred,  and 
yet  all  the  filk-worms  I  have  brought  up  on  this 
occafion,  yielded  at  lead:  3  or  4  hundred  eggs  a- 
piece.  ’Tis  obvious  therefore  that  the  number  of 
filk-worms  might  be  multiplied,  as  much  as  we 

pleafed, 
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pleafed,  did  that  only  depend  on  the  quantity  of 
their  eggs,  as  abundantly  appears  from  the  large 
ftock  of  filk  they  now  produce  in  Europe^  where 
anciently  there  were  no  worms  at  all;  it  would  be 
eafy  therefore  in  courfe  of  time  to  have  a  quan¬ 
tity  of  filk- worms,  as  much  furpaffing  thofe  we 
now  have,  as  thefe  furpafs  that  little  number  firft 
brought  trom  the  eaft ;  but  what  hinders  us  from 
increafing  our  ftock  is  the  trouble  of  lodging, 
feeding,  and  attending  them  ;  for  if  the  quantity 
of  filk  was  increafed,  its  price  wmuld  be  dimi- 
nifhed,  and,  in  that  cafe,  would  not  pay  the 
charges  of  raifing  the  worms.  Silk- worms  there¬ 
fore  feem  clearly  to  have  the  advantage  over 
fpiders,  as  to  the  facility  of  raifing  them  *,  fo  that 
we  are  to  have  no  great  expedlations  from  the 
new  filk,  unlefs  it  have  fome  other  advantage 
over  the  old,  either  in  refpedl:  of  beauty,  ftrength,' 
or  the  quantity  it  yields,  which  makes  our  fecond 
article  of  inquiry. 

As  all  the  forts  of  fpiders  do  not  afford  a  filk 
capable  of  being  manufactured,  and  as  thofe  which 
do  furnifti  fuch  filk,  only  fpin  it  to  form  balls, 
or  cods,  wherein  to  lay  the  eggs  •,  for  as  to  the 
webs  they  make  to  catch  infeds,  they  are  ufually 
too  fine  for  any  purpofes  of  ours,  it  fecms  necef- 
fary  to  give  a  general  idea  of  feveral  fpecies  of 
fpiders,  to  which  all  the  reft  are  reducible,  and  of 
the  different  manner  wherein  their  feveral  balls 
are  formed,  in  order  to  Ihew  which  of  them  af¬ 
ford  filk  to  the  beft  advantage  in  thefe  countries. 

M.  Bon^  who  has  likewife  confidered  fpiders, 
with  regard  to  their  filk,  reduces  them  to  two 
principal  kinds,  viz.  the  long-legged  fpiders  and 
the  fhort-legged  ones,  which  laft,  he  informs  us, 
alone  furnilhed  the  new  filk  *,  but  this  divifion, 
which  would  have  great  advantages,  on  account 
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of  its  fimplicity,  fcarce  fccms  fufficient  to  diflin- 
guifh  the  filk  fpiders  from  others :  for  how  fliall 
we  know  precifely  which  to  call  fhort-lcgged  fpi- 
ders,  and  which  long-legged  ones  ?  There  are 
fpiders,  whofe  legs  are  of  a  middle  fize,  between 
the  longed  and  fhorted,  and  on  the  which  of  th^ 
two  kinds  are  thefe  to  be  ranged  ?  On  the  foot¬ 
ing  of  the  former  divifion,  it  w'oif  d  be  difficult 
to  decide  whether  they  yield  a  filk  or  not;  but 
this  is  not  the  word,  for  tlie  divifion  would  be 
apt  to  lead  people  into  ufelefs  pains,  the  generality 
of  fpiders,  which,  according  to  this,  ffiould  pro- 
mife  mod  filk,  yielding  none  at  all.  Such  are 
the  feveral  kinds  of  wandering  fpidei  s,  and  the  large 
brown  fpiders  inhabiting  the  holes  of  old  walls, 
whofe  legs  are  ffiorter  than  mod  of- thofe  which 
yield  filk,  though  they  yield  none  themfelves. 

'  I  rather  choofe  to  range  all  fpiders  under  two 
clalfes ;  the  fird  including  the  feveral  fpecies, 
comprized  by  M.  Rombergs  under  the  general 
nanrte  of  wandering  fpiders,  being  fuch  as  do  not 
lay  nets  for  catching  of  infedls,  but  roam  abroad 
in  qued  of  them.  Thefe  fpiders  fpin  but  little, 
and  this  only  to  make  a  cod,  or  cover,  for  their 
eggs,  whicTi  fome  of  them  make  hemifpherical, 
and  leave  it  hung  upon  donts,  or  hid  under 
ground,  or  even  upon  trees,  or  among  herbs  ; 
others  give  it  the  figure  of  a  ball,  and  are 
too  fond  ever  to  dir  from  it,  but  carry  it 
about  with  them,  always  hanging  to  the  fapill^ 
about  their  anus^  in  fuch  manner  that  the  ball 
only  feems  to  make  one  body  with  the  fpider  ; 
which,  upon  this  occafion,  appears  a  little  big¬ 
ger  than  it  ffiould  do.  Catching  one  of  them,  and 
taking  its  hall  away,  you  will  fee  the  fpider  re¬ 
fume  it,  as  foon  as  fet  ;\t  liberty,  with  great  eager- 
nefs,  taking  it  in  its  feet,  and  clapping  it  firft 
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under  its  belly,  and  here  Jetting  us  into  the  arti¬ 
fice  it  ufes  in  its  ordinary  carriage;  for  heading  its 
hind  part  till  it  reach  the  little  ball,  and  then  rub¬ 
bing  the  hime  ball  very  fwiftly  with  the  papilU^ 
a  vifeid  liquor  is  preft  out  of  the  fame,  and 
fmeared  over  part  of  the  ball,  which  by  this 
means  is  ftuck  fall  to  the  papilU,  The  parts  thus 
rubbed  are  eafily  diftinguifhed,  as  being  whiter, 
and  clofer  than  the  reft  ;  nor  does  the  animal’s 
tendernefs  end  here,  but  when  its  young  ones  are 
liatched,  it  hears  them  on  its  back, where  the  young 
fpiders  likewiie  difeover  a  notable  dexterity  in 
their  arrangement  about  their  mother’s  body,  be¬ 
ing  fuch,  that  there  is  no  perceiving  them  when 
file  walks,  only  her  body,  upon  this  occafton, 
appears  fomewjiat  rougher  than  ufual. 

The  texture  of  the  balls  of  this  kind  of  fpiders, 
is  very  clofe,  and  ufual ly  white  or  greyifti ;  but, 
befide  that  it  only  yields  very  little  filk,  what 
it  does  yield,  is  not  fit  for  manufaefturing. 

The  fecond  clafs  includes  all  the  fpiders,  which 
lay  nets  for  catching  infedfs.  Thefe  I  divide 
into  four  principal  kinds,  each  whereof  might  be 
fubdivided  into  feveral  fpecies,  if  an  exa(fi:  hiftory 
of  fpiders  were  intended  :  the  firft  kind  contains 
all  the  fpiders  which  make  webs  of  a  clofe  tex¬ 
ture,  and  ftretch  them  as  parallelly  to  the  horizon, 
as  the  weight  of  the  web  will  admit.  Such  are 
the  houfe  fpiders,  which  lay  their  webs  in  the 
corners  of  rooms,  and  fome  fpecies  of  garden  fpi¬ 
ders,  which  make  like  webs,  and  placed  after  the 
like  manner  as  thpfe  of  houfe  fpiders. 

Thefe  all  of  them  inclofe  their  eggs,  which 
ftick  a  little  to  one  another,  in  a  fort  of  web,  not 
unlike  either  as  to  ftrengch  or  colour.  The  com¬ 
mon  ones  they  lay  for  flies ;  fo  that  we  have  but  little 
to  expect  from  thefe  tow^ards  a  filk  manufadlure. 
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The  fecond  kind  includes  the  fpiders,  which 
inhabit  the  holes  of  old  walls.  Thefe  line  the 
wall  all  around  their  hole  with  a  web,  and  within 
the  hole  itfelf,  make  another  web  of  a  tubular 
figure,  by  which  they  enter  and  come  out  of 
their  holes ;  but  neither  is  the  ball,  wherein  thefe 
fpiders  inclofe  their  eggs,  any  ftronger  than  their 
common  web ;  fo  that  thefe  two  are  out  of  the 
queftion. 

In  the  third  kind  I  rank  all  the  fpiders,  whofe 
nets  have  no  proper  texture  refemblingihatofa  web, 
but  confift  only  of  a  number  of  threads  ftretched 
every  way.  This  kind  might  be  fubdivided  into 
a  great  number  of  fpecies,  which  form  their  balls 
in  different  manners ;  fome  make  them  fegments 
of  afphere,and  faften  the  flat  fide  to  a  leaf,  and  the 
firmnefs  wherewith  they  brood  over  them  is  invin¬ 
cible  ;  for  notwithflanding  their  natural  fiercenefs, 
if  the  leaf  be  taken  away  this  ball  is  faftened  on, 
the  mother  fpider.will  go  with  it,  and  never  leave 
it,  unlefs  by  force,  till  the  young  ones  are  hatched. 
Thefe  balls  are  very  white,  and  of  a  clofe  tex¬ 
ture  ;  others  make  two  or  three  little  ruddy  balls, 
and  lay  their  eggs  therein,  hanging  them  up  by 
threads  in  fome  open  place,  but  taking  care  to  cover 
them  with  dry  leaves,  to  prevent  paflfengers  from 
feeing  them  •,  to  this  purpofe  hanging  their  leaves 
upon  thread  at  fome  diftance  from  the  ball  ;  o- 
thers  make  their  ball  of  a  pear  form,  and  hang  it 
by  a  thread,  like  the  pear  fufpended  by  its  pe^ 
dicle. 

Thefe  balls  are  all  of  a  clofe  texture,  but  their 
filk  too  weak  for  working  *,  perhaps,  thofe  in 
the  pear  form  might  be  of  fome  ufe  ;  but  they 
are  fo  fmall,  and  confequently  contain  fo  little 
filk,  as  fcarce  to  be  worth  minding. 

Laflly, 
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Laftly,  the  fourth  kind  includes  thofe  fpiders, 
which  make  webs  confiding  of  feveral  threads, 
all  placed  in  the  fame  plane,  and  proceeding  from 
the  fame  point,  like  fo  many  radii  of  a  circle, 
W'hich  terminate  in  its  circumference.  Acrofs  ali 
thefe  threads,  goes  another  thread,  which  wind¬ 
ing  fpirally,  is  faftened  in  diverfe  places  upon 
each  thereof.  Thefe  webs  are  ufually  perpendi¬ 
cular  to  the  horizon.  M.  Homherg  calls  this  fort 
the  garden  fpider  *,  and  accordingly  we  find  it 
very  common  among  wood,  bullies,  Under 
it  are  included  feveral  fpecies  of  fpiders,  different 
in  fize,  colour  and  fhape. 

Thefe  fpiders  lay  their  eggs  one  upon  another, 
in  fuch  manner  that  the  mafs  they  compofe, 
has  the  figure  of  a  flatted  fphere,  or  rather  an 
elliptic  fpheroid.  Some  of  them  glue  their  eggs 
to  one  another,  by  a  vifeous  matter  wherewith 
they  are  moiftened,  when  they  come  from  the 
body  ;  but  thofe  of  otliers  are  left  loofe.  The 
inmofl:  threads,  which  inveft  thefe  eggs,  are 
wound  clofer  than  the  reft,  which  are  but  loofly 
twilled,  much  like  the  outward  threads  of  the 
balls  of  filk  worms. 

Moil  of  thefe  fpecies  of  fpiders  fpin  a  filk, 
which  is  fit  for  manufacturing;  tho’  what  fomc 
of  them  may  afford  is  too  weak  to  fuflain  a  com¬ 
mon  loom. 

Spider  filks  may  be  had  of  more  diverfity  of 
colours  than  that  of  worms,  which  is  always  white 
or  yellowifh  ;  whereas  the  fpiders  balls,  befides 
white  and  yellow,  afford  fky  blue,  brown,  and 
a  fine  coffee  colour. 

The  fpiders,  which  yield  the  coffee-coloured 
filk,  are  very  fcarce,  at  leafl  I  have  met  with 
none,  but  in  a  few  broom  fields,  where  I  like- 
wife  found  fome  of  their  balls,  the  filk  whereof 
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is  very  ftrong  and  beautiful.  They  are  formed 
after  a  diiferent  manner  from  all  the  fpi^er  balls 
above-mentioned  ;  the  eggs  are  inclolcd  in  a 
brown  filk  loofly  wound  over  them  as  in  other 
balls  *,  but  this  brown  filk  is.itfelf  inclofed  in  ano¬ 
ther  ball  of  greyifh  filk,  whofe  texture  is  very 
thick,  and  dole,  and  much  like  what  remains  of  a 
filk  worm  ball,  when  part  of  it  has  been  wound 
off, 

_  The  fpiders  lay  eggs,  and  fpin  filk  to  inejofe 
them.ifi  feveral  months  pf  the  year,  not  only  in 
Augufi  '%r\d  September ^  -as,  fvj.  Boji  has  obferved  *, 
but  fome  of  them  likewifc  in  and  others 

in  the  following  rnoiui)?,  thofe  wliich  lay  fo  early 
are  fuch  as  have  furvived  the  winter  j  whereas 
thofe/  fpeaks  oi,  arc  only  hatched  in  the 

fpring-,  and  confequcntly  lay  their  eggs  much 
I^er  than  the  former. 

Spiders,  we  have  already  fliewn,  fpin  two 
kinds  of  threads ;  one  Icrving  for  a  web  where¬ 
with  to  catch  infcdcs;  and  the  other  only  as  a 
cod,  or  cafe,  to  keep  their  eggs  in  ;  but  it  may 
be’proper  here  to  add,  that  the  two  threads  only 
differ  from  each  other  by  their  greater  or  lei's 
ftrepigth:  and  to  explain  how  the  fpider  is  able  to 
fpin  a  thread  of  this  or  that  degree  of  ftrength  at 
pleafure,  we  fuppofe  it  already  known,  that 
near  the  anus  of  the  fpider  are  feveral  papUlcc,, 
which  do  the  office  of  a  wLer-drawer’s  iron,  and 
mould  or  faffiioned  the  licjUDr,  which  paffing 
through  them,  and  afterwards  drying,  be¬ 
comes  the  filk.  The  fpiders,  we  have  here  to 
do  w'ithal,  viz.  thofe  which  alTord  a  filk  proper 
iot  .manufacturing,  have  6  fuch  papHU,,  4  of 
them  very  fenfible,  and  two  fcarce  vifib'e  with¬ 
out  a  nnagniiier,  being  placed  near  the  bafes  of  the 
rw’o  paoiiU  nearefl  the  anus.  Each  of  the 
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6  vifible  ones  is  itfelf  conipoled  of  other  Icfs  and 
invifible  ones,  as  may  eafily  be  fliewn,  by  fqueez- 
ing  the  belly  of  a  fpider  between  two  fingers,  till 
the  liquor  in  the  fapilU  begin  to  ilfue  forth,  and 
then  applying  another  finger  upon  one  of  them, 
for  drawing  it  gently  away  again,  feveral  threads 
will  follow  it,  all  of  them  vifibly  diftin(5f  from 
each  other,  from  their  very  rife,  and  which  of 
confequence  miilf  have  pad  thro’  different  holes. 
Thefe  threads  are  too  line  to  be  well  told  •,  yet 
this  I  can  affirm,  that  I  have  frequently  feen  a- 
bove  8  or  10  fpring  from  a  fingle  papilla.  In 
effetff,  more  or  fewer  of  fuch  threads  are  drawn 
from  a  papilla,,  according  as  the  finger  is  preffcd 
ftronger,  or  upon  a  larger  part  of  its  end  ;  whence 
it  is  eafy  to  conceive  how  the  fpider  makes  its 
thread  finer  or  ftronger  at  difcretion  ;  fince  not 
only  the  applying  more  of  the  6  vifible  papilla 
againft  a  folid  body,  but  even  applying  them 
more  forcibly,  or  a  larger  part  of  each  produces 
a  thread,  confiding  of  a  greater  number  of  other 
threads,  and  confequently  bigger  and  ftronger. 

There  muft  be  about  1 8  times  as  many  threads, 
fuch  as  they  iffue  from  the  holes  of  p-apill^^ 
to  make  one  of  the  threads  of  a  ball,  as  a  thread 
of  a  web.  If  the  quantity  of  threads,  which  go 
to  the  one  and  the  other,  be  proportional  to  the 
ftrength  ;  for  a  weight  of  ^  grains, hung  to  one  of 
the  threads  of  a  web,  iifuaily  breaks  it,  whereas 
40  grains  will  not  break  a  thread  of  their  ball. 

•But  if  thefe  threads  of  the  fpider’s  ball  be 
ftronger  than  thole  of  its  web,  they  are  weaker 
than  thofe  of  the  filk- worm’s  ball,  tho’  in  a  lefs 
proportion.  A  thread  wound  from  one  of  thefe 
laft  balls  will  ufually  fuftain  2  drams  and  f  ;  and 
confequently  a  thread  of  a  fpider’s  ball  is,  to -that 
of  a  filk  worm’s  ball,  about  as  i  to  5,  which 
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feems  to  be  another  advantage  of  the  ancient  filk 
above  the  new. 

Indeed  each  thread  of  a  fpider’s  ball  isQenderer 
than  that  of  a  filk-worm’s  ball,  nearly  in  the 
fame  proportion  as  it  is  weaker  *,  but  this  hardly 
makes  up  for  the  difadvantage,  fince  the  more 
threads,  the  more  difficulty  there  is  in  joining 
them  ;  to  fiy  nothing  of  the  danger,  that  all  the 
threads  do  not  draw  alike,  and  confequently  that 
their  aflemblage  have  not  the  fum  of  the  ftrengths 
each  thread  would  have  a  part.  This  multipli¬ 
city  of  lefier  threads,  which  compofe  each  thread 
of  a  fpider’s  filk,  to  make  it  as  thick  as  that  of 
a  filk-worm,  may  likewife  contribute  to  render 
fuch  works  as  are  made  of  this  filk  lefs  glofiTy 
than  thofe  of  conamon  filk  •,  for  what  we  call 
glofs  or  luftre  in  a  fluff,  being  only  the  effedl  of 
its  refledling  more  coloured  light  of  any  kind 
than  another  fluff  of  the  fame  colour,  the  more 
little  interflices  there  is  in  a  thread  of  filk,  the  lefs 
gloffy  it  mufl  appear,  fince  it  will  refledl  the  lefs 
light.  Now  ’tis  obvious,  that  the  little  interflices 
will  be  more  numerous  in  a  thread,  thus  compo- 
fed  of  feveral  different  ones,  than  in  another 
thread  of  the  fame  thicknefs,  wherein  there  is  no 
diflindlion  ;  the  parts  of  the  vifeid  liquor  they 
are  formed  of,  touching  each  other  in  more 
places  than  feveral  diflin(fi:  threads  can  poffibly  do. 
Suppofing  therefore  each  thread  of  fpider’s  filk  to 
be  of  itfelf  equally  gloffy  with  that  of  a  filk  worm, 
’ds  certain,  that  when  5  fuch  threads  are  com¬ 
bined  together,  to  make  another  of  that  natural 
thicknefs,  of  a  filk-worm’s  thread,  this  com¬ 
pound  thread,  and  the  work  formed  thereof,  will 
be  lefs  gloffy  than  thofe  of  the  common  filk- 
worm. 
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This  would  be  true  on  a  ruppofition  that  each 
fimple  fpider’s  thread  is  naturally  as  gloiTy  as  a 
iimple  filken  thread  ;  but  this  fuppofiitiqn  is,  per- 
hapsi  too  hivourable  to  the  fpider^s  filk,  for  we 
find,  that  the  more  frizled  a  thread  is,  the 
lefs  glofiy  it  is  found  :  thus  we  fee,  that 
wool,  whofe  fibres  are  naturally  more  curly 
than  thofe  of  filk,  is  lefs  glofify  withal.  Now 
each  hair  or  thread  of  fpider’s  filk  is  certainly 
more  frizled,  than  a  hair  of  the  worm^s  filk, 
and  confequently  muft  have  lefs  liifire.  The  rea- 
fon  of  this  diverfity  is  evidently  owing  to  the 
manner  of  winding,  or  reeling  the  two;  for  in 
winding  a  thtead  loofeJy,'  the  fprings  of  all  its 
little  parts  are  left  at  libefty  to  ad:  with  all  their 
ftfength  ;  and  thus  to  bend  of  cufl  it  this  way 
and  that  according  to  their  feveral  diretdionsj 
whereas,  in  winding  a  thread  after  a  clofer  man¬ 
ner,  the  adion  of  the  fpring  of  the  component 
parts  is  prevented,  and  even  weakened  by  the 
violence  of  the  new  fituation.  This  will  be  more 
readily  allowed  if  we  can  confider,  that  the  firft 
threads  of  a  filk-worm’s  ball,  which  themfelves  are 
twilled  in,  in  a  loofer  manner  round  the  reft,  are 
much  lefs  beautiful  and  glofify  than  thofe  which 
form  the  body  of  the  ball,'  which  are  wound  very 
clofely. 

This  fame  lo'ofe  manner  wherein  the  fpider’s 
threads  are  wound,  contributes  on  another 
account  to  difninifh  the  luftre  of  the  filk  they 
furnifh,  viz.  by  preventing  their  being  wound, 
or  reeled,  as  thofe  of  filk- worms  are ;  and  obliging 
the  balls  to  be  carded  before  they  be  fpun  :  hence 
it  is  obvious,  that  the  large  threads  of  filk  when 
they  come  from  the  fpinner,  muft  confift  of 
an  infinite  number  of  fhort  hairs,  and  confe¬ 
quently  cannot  appear  with  the  beauty,  evennefs, 
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and  luftre  of  another  thread  of  the  fan^e  thick- 
•  nefs,  compofed  only  of  hairs,  equal  in  length  to 
itfelf,  by  reafon  all  the  ends  of  fuch  fliort  hairs 
'muft  needs  produce  little  inequalities  in  the  com- 
pafs  of  the  thread,  which  will  weaken  its  luftre. 
If  any  proof  of  this  were  needed,  it  were  eafy  to 
obferve,  that  the  filk  even  of  the  filk-worm  balls, 
when  carded,  is  much  inferior  to  that  reeled  di¬ 
rectly  from  the  pods. 

,  Suppofing  that  only  two  of  the  papillae  had 
furnifhed  threads  to  make  a  Ipidei’s  web,  and  that 
each  of  thofe  papilla^^  which  ufually  furnifti 
threads  compounded  of  fevcral  others,  had  only 
furniftied  a  fimple  one,  the  threads  of  the  web 
being  i8  times  weaker  than  thofe  of  the  ball  *,  this 
laft  thread,  which  we  have  already  oblerved  is  5 
times  fmaller  than  that  of  a  filk-worm,  miuft  con- 
fift  of  36  hairs  or  threads  at  leaft  *,  this  reflection 
may,  perhaps,  aftift  the  imagination  to  conceive 
the  prodigious  divifibility  of  matter ;  for,  how 
minute  muft  a  thread  be  vifible,  notwithftanding, 
to  the  eye,  which  is  no  bigger  than  the  hundred 
and  eightieth  part  of  a  Angle  hair  of  filk,  which 
hair  itfelf  is  only  a  two  hundredth  part  of  a  thread 
of  the  fineft  fewing  filk  ?  For  I  have  frequently 
divided  fuch  threads  into  two  hundred  ielfer  ones, 
fo  that  a  thread  of  fpider’s  Aik  of  the  thicknefs  of 
common  fewing  filk,  muft  really  con  Aft  of  360CO 
threads,  and  may  be  actually  divided  into  1000. 

A  thread  of  fpidei’s  Aik,  compofed  of  thefe 
36000  Ample  threads,  may,  perhaps,  be  fome- 
w  hat  bigger  than  a  thread  of  common  Aik,  com- 
pofed  of  200  Ample  threads,  tho*  the  fum  of  the 
bulks  of  the  36000  threads,  and  the  200  be  the 
Aime,  by  reafon  it  would  be  difficult,  or  perhaps 
impoffible,  to  arrange  fuch  a  number  of  threads 
together,  vyichout  leaving  feveral  vacuities  be- 
-  *  . .  tween 
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tween  them,  by  which  the  bulk  muO:  be  in- 
creafed  ;  it  is  for  this  reafon  that  the  fpidei’s  filk 
has  been  thought  to  yield  more  in  the  working, 
than  the  common  fort ;  but  if  it  had  been  confider- 
ed,  that  in  return  for  this,  it  muft  be  weaker  in  the 
fame  proportion,  inftead  of  confidering  it  as  an 
advantage,  people  would  rather  have  looked  on  ic 
as  a  defedl,  fince  a  large  body  of  this  filk  will 
only  have  the  ftrcngth  of  a  lefs  body  of  the 
other. 

We  are  now  come  to  the  lafl:  point,  viz.  to- 
confider  what  relation  the  quantity  of  filk  each 
fpider  will  furnilh  yearly,  bears  to  that  procured 
from  a  filk  worm.  By  carefully  weighing  feveral 
filk  worm  balls,  I  find,  that  the  larger  kind 
weigh  4  grains,  and  the  leffer  3,  fo  that  fuppofing 
16  ounces  to  the  pound,  at  leaft  2304  worms  will 
be  required  to  produce  a  pound  of  filk.  A  perfon 
cloathed  in  filk  little  imagines,  that  feveral  thou* 
fand  worms  have  wrought  all  their  life-time  to 
furnifli  the  matter  thereof. 

I  have  weighed  with  equal  care,  a  great  num¬ 
ber  of  fpider  balls,  and  have  always  found,  that 
about  4  of  the  larger  fort  go  to  balance  one  filk- 
worm  ball,  and  that  they  weigh  about  a  grain  a- 
piece  ;  fo  that  4  of  the  largett  fpiders  would  be 
required  to  yield  as  much  filk  as  a  fingle  worm 
affords,  fuppofing  there  were  no  more  wafte  in 
one  kind  of  filk  than  the  other ;  but  in  reality  the 
fpider  balls  are  liable  to  a  confiderable  diminu¬ 
tion,  from  which  thofe  of  the  filk-worms  are  ex¬ 
empted.  This  diminution  arifes  hence,  that  the 
fpider  balls  when  weighed,  are  full  of  the  fhells  of 
eggs,  from  which  the  young  ones  have  been 
hatched,  together  with  other  kinds  of  filth  ;  fo 
that  calculating  the  diminution  of  thefe  balls,  we 
muff  dedudl  above  two  thirds  from  their  weight, 
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fince  from  13  ounces  of  foul  fpider  filk,  M.  Bon 
only  procured  4  ounces  of  pure  filk ;  whereas 
filk-worm  balls  undergo  no  diminution,  or  at  leaft 
fo  little,  that  it  is  compenfated  by  only  putting 
that  of  fpider  filk  at  two  thirds  of  the  whole. 

It  has  been  already  noted,  that  a  fpider  ball  be¬ 
fore  it  be  cleanfed,  is  to  the  weight  of  a  filk- worm 
ball,  as  I  to  4;  and  thererefore  when  cleanfed,- 
its  weight  will  be  to  that  of  the  other,  as  i  to  1 2  j 
1 2  therefore  of  the  largeft  fpiders  will  only  fur- 
nilh  as  much  filk  as  one  worm  \  but  each  worn; 
makes  it  ball,  aS  being  neceffary  for  the  metamor- 
phofis  it  has  to  undergo ;  whereas  it  is  otlferwife 
with  fpiders;  for  their  balls  being  only  made  to 
lay  their  eggs  in.  If  with  the  whole  current  of 
naturalifts  before  M.  Bott^  we  fuppofe  their  fpe- 
cies  to  confift  of  males  and  females,  and  not  as  he 
does,  take  them  for  hernlophradites,  only  the  fe¬ 
male  fpiders  muft  make  balls ;  whence  it  follows, 
that  fuppofing  the  number  of  males  and  females 
nearly  equal,  24  of  the  larged  fpiders  will  only 
afford  as  much  filk  as  one  worm. 

No  lefs  than  55296  of  the  larged  fpiders  there¬ 
fore  will  be  necedary  to  make  a  pound  of  filk, 
which  fpiders  mud  have  been  fed  feparatcly  for 
feveral  months.  In  this  view',  their  filk  which 
feems  to  cod  us  much  more  than  it  is  worth,  beins: 
at  lead  24  times  as  expenfive  as  that  procured 
from  worms ;  and  this  fuppofing  it  were  not  ne- 
ceflfary  to  keep  the  fpiders  a-part ;  but  that  each 
fpider  w^ould  only  take  up  the  room  of  a  worm, 
which  however  is  a  falfe  fuppofition,  for  there 
mud  room  enough  be  allowed  each  to  make  its 
web  ;  if  one  were  to  purfue  the  calculus,  there¬ 
fore,  of  what  this  filk  would  cod,  fuppofing  the 
animals  fed  feparatcly,  and  a  competent  apartment 
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allowed  each,  it  would  evidently  appear,  that  the 
fpidei^s  filk,  would  coft  incomparably  more  thaa 
that  of  the  filk-worm. 

Let  it  be  added,  that  what  has  been  hitherto 
faid,  only  holds  of  the  largeO;  fpiders ;  for  if  the 
efti'mate  were  made  in  the  common  garden  fpi¬ 
ders  of  this  country,  twelve  of  them  would  hardly 
be  found  to  yield  as  much  filk  as  one  of  the  balls 
above-mentioned  ;  280  of  them  would  only  afford 
the  quantity  of  filk  contained  in  one  ball  of  a  filk 
worm,  and  confequently  663,552  fpiders  hardly 
one  pound  of  filk. 

’Twill  be  thought  pity,  that  fuch  little  hope 
fhoukl  be  left  of  benefitting  by  fo  ingenious  a 
difcovery  *,  but  there  is  feme  prolpedf  of  refource;- 
fpiders  may  polTibly  be  found,  which  ihall  af¬ 
ford  more  filk,  than  thofe  commonly  feen  in  this 
country.  ’Tis  confirmed  to  us,  by  the  accounts 
of  all  travellers,  that  thofe  of  America  are  much 
larger  than  ours;  whence  it  fhould  likewife  fol¬ 
low,  that  their  webs  and  balls  are  proportionably 
larger.  The  filk-worms,  which  the  natives  of 
far  diflant  countries  have  multiplied  fo  much  in 
'Europe^  may  give  us  hopes,  that  the  American 
fpiders  may  likewife  be  propagated  here,  at  leaft 
’tis  worth  making  the  experiment,  which  alone 
fhould  decide  in  a  thing  of  this  nature  ;  for  my 
own  part,  nothing  that  any  where  relates  to  the 
prefent  fubje6t  fhall  be  omitted  by  me ;  tho’  if 
any  thing  ufeful  be  flruck  out,  the  chief  glory 
W'ill  be  M.  Bon^^  dye. 
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XIV.  Experiments  on  the  eJJ'eB  of  the  wind 
with  regard  to  the  thermometer ^  by  M. 
Caffini  the  Jon 

Among  feveral  phyfical  obfervations,  that  M. 
PAbhe  Jeinturier^  the  arch-deacon  of  Verdun^  has 
fent  me  fince  his  return  from  Paris  \  he  has  obfer- 
vedthat  when  we  raife  a  wind  with  bellows  againft 
a  thermometer,  the  liquor  that  is  inclofed  there 
in  increafes  its  height ;  which  feems  contrary 
to  the  imprelTion,  that  the  wind  makes  upon  us, 
which  is  a  fcnfation  of  cold. 

To  examine,  if  it  had  the  fame  efFedlupon  our 
thermometers,  I  applied  a  pair  of  common  bel¬ 
lows  to  a  thermometer  fliut  up  in  a  chamber, 
which  in  the  caves  of  the  obfervatory,  flands  at 
the  height  of  50  degrees,  and  was  then  at  52 
degrees  that  is,  two  degrees  above  temperate  ; 
'and  after  having  blowed  for  7  or  8  minutes  a- 
gainft  the  ball,  the  thermometer  rofe  i  degree. 

I  repeated  the  fame  experiment  fome  days  after, 
the  thermometer  was  at  46  degrees,  and  it  rofe 
alfo  a' degree  in  the  fame  time. 

I  made  ufe  of  one  of  M.  Ammtons  thermome¬ 
ters,  which  I  had  applied  to  the  fire-place  of  a 
forge,  where  there  had  not  been  any  fire  for 
many  years.  This  thermometer  rofe  almoft  a 
line  in  the  fpace  of  6  minutes  that  I  blowed  a-f 
gainft  it. 

I  at  laft  put  the  fame  thermometer  to  the  fire-r 
place  of  the  forge,  where  I  left  it  for  three  hours 
or  thereabouts.  I  afterwards  took  it  away  to  fee 
^t  what  height  it  was,  which  I  marked  53  inches, 

2  lines  |.  I  blowed  againfl:  it  for  5  minutes,  and 
taking  it  away,  I  found  it  at  the  height  of  5310- 
*  Dec.  15,  1710. 
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ches,  4  lines  3  ;  that  is,  i  line  j  higher.  I  put 
jt  in  its  place  again  dire61ly,  and  after  having 
blowed  for  5  minutes,  I  found  it  at  53  inches, 
5  lines  Having  in  the  iaft  place  blowed  for 
5  minutes  more,  it  rofe  to  the  height  of  53  in¬ 
ches,  5  lines  I  j  fo  that  in  the  fpace  of  -  of  an 
hour,  the  thermometer  rofe  above  3  lines. 

We  may  offer  for  a  rcafon  of  this  experiment, 
that  all  motion  produces  heat,  and  that  thus  the 
air  being  excit^  with  violence,  acquires  fomc 
degree  of  heat ;  fo  in  effedl,  it  feems  to  caufe  in 
us  a  fenfation  of  cold,  becaufe  the  particles  of  air 
being  driven  with  violence,  apply  themfelves 
with  more  force,  and  in  a  greater  quantity  againft 
our  bodies,  which  are  warmer  than  the  air  that 
we  breathe. 

XV.  Experiments  m  the  thermometer^  by 
M,  de  la  Hire  the fon^. 

My  father  had  formerly  obferved,  that  having 
covered  with  fnow  the  ball  of  a  fpirit  of  wine 
thermometer  .expofed  to  the  air,  but  not  to  the 
wind,  the  fpirit  of  wine  did  not  alter  its  height 
in  the  tube,  and  that  afterwards  having  blown 
with  a  pair  of  bellows  ftrongly  againft  this  fnow, 
the  fpirit  of  wine  had  remained  at  the  fame  height; 
from  which  it  feems,  that  we  might  conclude  that 
the  temperature  of  the  air,  which  adts  upon  the 
fpirit  of  wine,  could  not  caufe  any  alteration  there¬ 
in,  being  (trongly  driven  againft  it ;  neverthe- 
lefs  it  has  appeared  quite  the  contrary,  by  an  ex¬ 
periment  related  to  the  academy,  by  M.  CaJJini 
the  fon.  It  is  to  endeavour  to  difeover  the  reafon 
of  this  contrary  effed,  that  we  have  again  made 
the  experiment  that  he  has  related,  but  in  diffe- 
*  Dec.  17,  1 71  g.  , 
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i^ent  circuniftances,  and  upon  4  thermometers  5 
3  of  which  were  fpiric  of  wine,  and  the  4th  an 
air,  one  of  M.  Anionton 

Nov.  27,  1710,  about  Ti  in  the  morning,  we 
blovved  with  a  pair  of  bellows  llrongly  againft 
the  ball  of  a  fpirit  of  wine  thermometer,  expofed 
for  a  great  many  years  in  the  caft  tower  of  the 
obfervatory,  which  is  uncovered  in  fuch  a  man¬ 
ner,  that  it  is  flieltered  from  the  wind,  and  the 
fpirit  of  wine,  that  was  at  35  parts  in  the  tube, 
which  marks  an  air  a  little  warmer  than  the  be¬ 
ginning  of  froft,  having  obferved,  that  when  it 
is  at  32,  it  begins  to  beeze  in  the  country,  did 
did  not  rife  fenfibly  in  the  tube  ;  we  had  taken 
the  precaution  before  we  ufed  the  bellows  to  put 
them  for  2  hours  in  the  fame  place  where  the  ther¬ 
mometer  was,  for  fear  that  if  the  whole  bellows 
were  a  little  warmer  than  the  air  which  enters  in,  ic 
might  grow  warm  in  them,  and  afterwards  meet¬ 
ing  the  ball  of  the  thermometer  might  heat  it,  and 
make  the  liquor  rife  ;  and  on  the  contrary,  if  the 
bellows  had  been  in  a  place  where  the  air  was  co’der 
than  that  where  the  thermometer  was,  it  might 
make  it  fall,  as  w^e  obferved  in  blowing  with 
the  fame  bellows  *,  and  pretty  foon  after  the  above 
experiment,  againft  the  ball  of  another  thermo¬ 
meter,  which  was  in  my  father’s  clofet,  where  the 
air  w'as  much  warmer  than  the  outward  air,  where 
thefe  bellows  had  been  expofed  *,  for  the  liquoi* 
•prefently  funk  about  |  a  line,  and  afterwards  rofe’ 
again  almoft  to  the  frme  height,  akho’  we  con¬ 
tinued  blowing. 

We  have  alfo  made  another  experiment  uporf 
an  air  thermometer,  which  was  one  of  thofe  that 
M,  Amontons  firft  made  for  the  experiment  of  the 
heat  of  boiling  water.  The  ball,  which  is  at  the 
bottom  of  the  little  bent  tube,  is  very  big,  and 

has 
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has  in  its  lower  part  quickfilver  enough  to  furnifh 
the  dilatation  of  the  air  of  the  ball,  which  makes 
it  rife  into  the  tube  that  is  open  at  the  top,  and  is 
about  4  feet  high,  fo  that  the  air  does  not  enter  at 
all  into  the  tube. 

'Nov,  27,  1710,  at  4  in  the  afternoon,  the 
thermometer  and  the  bellows  having  been  in  the 
fame  place  above  5  hours,  and  having  marked 
exa<5lly  the  height  of  the  quickfilver  in  the  little 
tube,  we  blowed  for  3'  againfi:  the  ball  filled  with 
air,  which  was  comprefied  by  25  inches  of  quick¬ 
filver,  and  we  did  not  obferve  any  alteration  of 
height  in  the  quickfilver  that  was  in  the  tube. 

The  next  day,  at  10  in’ the  morning,  we  re¬ 
peated  the  firfi:  experiment  upon  the  thermome¬ 
ter,  which  is  in  the  eaft  tower,  and  the  fpirit  of 
wine  did  not  rife  fenfibly  ;  there  was  another  fpi¬ 
rit  of  wine  thermometer  near  that,  the  ball  of 
which  was  much  fmaller,  and  the  tube  very  thin, 
which  we  took  away  and  put  in  a  clofe  place  Juft 
by,  where  there  was  a  pair  of  double  bellows ; 
and  after  having  left  it  there  3  or  4  hours,  we 
blowed  againft  this  fecond  thermometer  for  7/, 
with  the  double  bellows,  and  the  fpirit  of  wine 
rofe  3  lines  in  the  tube. 

We  afterwards  took  M,  Amonton^s  air  thermo¬ 
meter,  which  had  been  a  great  while  in  this  place, 
and  blowed  againft  the  ball,  with  the  double  bel¬ 
lows  for  7'  and  the  quickfilver  alfo  rofe  3  lines  ; 
indeed  there  were  3  or  4  of  us  a  little  diftant  from 
the  thermometer,  during  the  experiment. 

We  were  afraid,  that  the  number  of  perfons 
that  there  were  had  caufed  this  effefl  for  this 
realbn  we  left  the  thermometers  near  one  another 
for  2  or  3  hours,  and  afterwards  with  a  common 
pair  of  bellows,  we  blowed  for  3'  againft  each  of 
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the  balls  of  both  thefe  thermometers,  the  fpirit  of 
wine  and  the  quickfilver  which  were  fallen  again 
to  the  heights  that  they  were  before  the  preceding 
experiment,  both  rofe  again  about  a  line,  but  that 
of  the  fpirit  of  wine  rather  lefs  than  the  other. 

We  were  afraid  it  was  becaufe  we  had  begun 
with  that  of  fpirit  of  wine,  and  that  the  bellows 
were  heated  in  our  hands  for  this  reafon,  wc 
'left  them  in  the  fame  pofuion,  and  the  bellows 
near  them,  and  at  6  at  night  we  blowed  again 
for  3'  againfl  both  the  balls,  beginning  with  the 
fpirit  of  wine  thermometer,  which  role  a  little  ; 
but  the  air  one  did  not  rife  at  ail. 

We  afterwards  blowed  with  the  fame  bellows 
againfl  the  ball  of  a  fpirit  of  wine  thermometer  of 
M.  Amonions^  which  is  placed  in  my  father’s 
clofet,  where  the  air  was  warmer  than  that  where 
the  bellows  were,  and  the  fpirit  of  wine  rofe  in 
the  tube  f  of  a  line,  and  did  not  fall  at  firft,  as 
it  had  done  the  day  before. 

The  4th,  at  7  in  the  morning,  the  air  ther¬ 
mometer  and  the  great  fpirit  of  wine  thermome¬ 
ter,  and  the  bellows  having  been  all  night  in  the 
call  tower,  we  blowed  for  4'  againfl  the  ball  of 
the  air  one,  and  it  did  not  rife  at  all ;  we 
then  blowed  againfl  the  ball  of  that  of  fpirit  of 
wine,  and  it  rofe  about  a  line.  Afterwards  we 
blowed  for  above  ^  againft  the  ball  of  another 
fpirit  of  wine  thermometer,  which  is  fmaller, 
that  we  had  left  near  the  windows  of  a  place  jufl 
by,  which  is  clofe  and  expofed  to  the  fouth,  the 
holes  of  the  bellows  being  turned  againfl  the 
windows,  the  liquor  hardly  rofe  at  all  ;  but  by 
continuing  to  blow,  with  the  holes  of  the  bellows 
turned  the  other  way,  it  rofe  more. 

At  2  in  the  afternoon,  the  fame  thermometer 
having  remained  in  the  fame  place,  and  received 

the 
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the  impreflion  of  the  fun  for  3  hours  and  and 
the  bellows  being  laid  in  the  placV  upon  a  feat 
about  6  feet  from  the  thermometer,  the  fun  hav¬ 
ing  alfo  fhined  upon  them,  we  blowed  againft 
the  ball  of  this  thermometer,  the  liquor  fell  more 
than  6  lines,  the  holes  of  the  bellows  not  being 
turned  againft  the  windows,  but  upon  turning  them 
againft  the  windows,  and  continuing  to  blow,  the 
fpirit  of  wine  fell  again  confiderably,  tho’  the  wea¬ 
ther  was  very  hot,  the  Iky  having  been  very  clear  all 
the  day,  and  the  fun  lliining  there  during  the  expe¬ 
riment. 

The  5th,  in  the  morning,  we  carried  the  air 
thermometer  and  the  little  fpirit  of  wine  one  into 
the  cave  of  the  obfervatory,  and  after  having  Left 
them  there  almoft  -f  of  an  hour,  and  the  bellows 
alfo,  and  having  opened  and  fliut  them  for  fome 
time,  that  they  might  take  in  the  fame  warmth 
as  that  of  the  air  of  the  cave,  we  blowed  for  5' 
againft  the  ball  of  the  air  thermometer,  and  the 
quickfilver  rofe  about  3  lines :  but  as  both  the 
thermometers  were  a  foot  diftant  from  one  ano¬ 
ther,  and  as  before,  we  blowed  againft  that  of 
air,  we  had  alfo  obferved  the  height  of  that  of 
fpirit  of  wine,  we  perceived  that  the  fpirit  of  wine 
thermometer  was  alfo  rifen  i  line,  altho*  it  had 
not  been  at  all  blowed  againft  *,  we  afterwards 
blowed  for  the  fame  time  againft  that  of  fpirit  of 
wine,  and  it  alfo  rofe  about  3  lines,  during  which 
time  the  air  thermometer  did  not  rife  at  all. 

We  had  taken  the  precaution  to  carry  them 
into  the  cave,  fearing  leaft  the  light  diffufed  in 
the  air  in  the  day,  might  make  fome  impreffion 
upon  it,  which  had  fome  relation  to  what  hap¬ 
pened  to  the  Bolonlan  ftone  and  other  pbofphorus. 

Afterwards  we  applied  a  piece  of  cloth  two  or 
three  times  double  againft  the  ball  of  the  air  ther- 
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memeter,  and  blowing  violently  againft  it,  it 
rofe  only  one  line,  and  during  this  time  the  fpirit 
of  wine  thermometer,  which  remained  at  the  fame 
place,  rofe  |  a  line  ;  we  afterwards  applied  the 
cloth  againft  the  fpirit  of  wine  thermometer,  and 
having  blowed  againft  it  for  the  fame  time,  it 
rofe  alfo  I  a  line :  but  the  air  thermometer  did 
not  rife  at  all  during  this  time,  any  more  than  in 
the  preceding  experiment. 

Altho’  in  general,  the  experiments  which  we 
have  juft  related,  feem  to  deftroy  the  old  one, 
that  my  father  had  made,  they  ncverthelefs  fur- 
nifh  a  means  of  giving  the  reafon  of  explaining 
the  difference  found  between  them. 

For  the  fnow,  which  was  upon  the  ball  of  the 
thermometer,  and  thro’  which  the  air  being  driven 
by  the  bellows  paffed,  was  cold  enough  to  chill 
the  particles  of  air,  a  little  lefs  cold  than  the  fnow, 
which  were  applied  in  a  large  quantity,  and  in  a 
little  time,  by  the  means  of  the  bellows  againft 
the  ball  of  the  thermometer,  and  had  made  the 
liquor  rife.  One  can  hardly  doubt,  but  that  this 
is  the  true  reafon  of  this  laft  experiment,  and  it 
feems,  by  the  means  of  it,  we  may  give  the  rea¬ 
fon  for  all  the  differences  that  we  have  obferved  in 
thofe  that  we  have  made.  But  before  we  abfo- 
lutely  decide,  we  believe  it  is  neceffary  to  wait, 
till  we  have  made  the  two  following  experiments: 
the  firft  would  be  to  blow  againft  the  ball  of  a 
thermometer,  during  a  very  great  cold  •,  and  the 
fecond,  during  a  very  great  heat,  that  we  might 
fee,  if  what  fhould  happen  in  the  extreme,  was 
conformable  to  that  which  happened  in  and  about 
the  mean  ftate. 

7’he  i6th,  at  8  in  the  morning,  a  fpirit  of 
wine  thermometer,  and  fome  water  in  a  veffel, 
being  put  all  night  in  the  fame  place,  we  put  this 

ther- 
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thermometer  into  the  water,  and  after  having  left 
them  there  a  good  while,  we  did  not  at  all  ob- 
ferve  that  the  fpirit  of  wine  had  changed  its 
height  in  the  tube  ;  we  afterwards  drew  the  ther¬ 
mometer  out  of  the  water,  we  wetted  a  cloth  in 
this  water,  we  applied  it  two  or  three  times  double 
upon  the  ball  of  this  thermometer,  and  we  blowed 
ftrongly  with  a  common  pair  of  bellows  againft 
the  linnen  for  4  or  5',,  without  the  fpirit  of  wine 
changing  its  height. 

Having  left  the  thermometer  in  this  (late  for 
an  hour,  we  had  a  mind  to  repeat  the  experi¬ 
ment.  We  took  away  the  linnen  from  the  ball 
of  the  thermometer  to  make  the  fpirit  of  wine 
take  the  fame  deeree  of  heat,  as  the  air  of  the 
place  where  it  was ;  and  in  waiting  till  it  had 
taken  it^  we  had  a  mind  to  fee,  if,  by  agitating 
it  in  the  air,  there  would  not  happen  the  fame 
thing  to  it  as  by  blowing  upon  it,  which  fuc- 
ceeded  ;  for  having  fhaken  it  ftrongly  in  the 
air  for  8^  the  fpirit  of  wine  rofe  2  lines  in  the 
tube  ;  afterwards  having  let  it  reft  fome  time,  ic 
did  not  change  the  height  at  ail.  We  afterwards 
put  it  for  8'  into  the  fame  water  where  it  had  been 
at  firft,  and  the  liquor  fell  about  a  line,  but  this 
was  only  during  the  4  laft  minutes ;  we  drew  ic 
out  of  the  water  and  having  applied  the  wet  cloth 
to  it,  we  blowed  ftrongly  for  8^  againft  the  cloth, 
and  the  fpirit  of  wine  rofe  again  to  the  fame 
height  that  it  v/as  at  before  it  had  been  plunged 
in  the  water. 

The  1 7th,  at  9  in  the  morning,  the  ftme  fpirit 
of  wine  thermometer  having  remained  all  night 
in  the  eaft  tower  of  the  obfervatory,  and  fcveral 
pieces  of  marble  which  we  had  put  there,  we 
applied  them  to  the  ball  of  this  thermometer, 
and  in  half  an  hour  the  fpirit  of  wine  funk  in  the 
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tube  above  a  line,  and  afterwards  continuing  to 
examine  it,  we  perceived  that  it  was  a  little  rifen. 
During  this  experiment,  the  great  fpirit  of  wine 
thermometer,  which  is  always  in  this  tower,  was 
rifen  about  2  lines  This  experiment  would 
feem  to  prove,  that  the  marble  cooled  more  than 
the  fpirit  of  wine. 

XVI.  Obfervations  on  the  little  eggs  of  hefts 
•  'without  yolkj  vulgarly  called  cock' s-eggs,  by 
M.  Lapeyronie,  of  the  academy  ^/'Mont¬ 
pelier  j  tranfated  by  Mr,  Chambers. 

The  prejudices  of  birth  and  education  fre¬ 
quently  feed  people  up  in  errors,  even  upon  mat¬ 
ters  of  fad,  which  it  is  no  lefs  incumbent  on 
academies  to  difabufe  them  of,  than  to  tell  ’them 
new  truths. 

’Tis  a  common  opinion,  even  among  perfons 
of  fenfe,  that  cocks  lay  eggs,  and  that  thefe  eggs 
being  hatched  in  a  dunghill,  produce  ferpents 
with  wings,  called  bafilifks  and  what  is  more, 
they  hold,  that  the  very  looks  of  thefe  bazi- 
li/ks  flrike  people  dead  ;  yet  the  whole  fable  has 

no 
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^  ^uHi  etiam  quadam  trva  majoroy  alia  mlmray  alia  etiam 
minima  njulgo  in  Italia  Centinina  dicuntur  IS  mulicres 
no  fine  hedie  \ut  olim)  a  Gallo  edita  Gf  hajilifeus  produSlu- 
ra  fabulantiir,  Vulgus  [inquit  Fabricius)  putat  exiguu?n  hoc 
onjum  ejfe  ultimum  Gallinarumy  cum  jam  c£ntu?n  o^a  gallina 
pepererit  ( unde  Centininum  njocant J  quod fine  <vitello  efi  : 
bet  tamen  catera,  ut  chalaxasy  albumeuy  membranasy  iS 
corticemy  njerifimile  enim  efi  turn  generariy  cum  njitelli  omnes 
jam  in  onja  migrarunty  neque  amplius  in  'vitellario  aliquis 
perefi  njitellus,  qui  in  o^um  euadere  pojfit :  ex  altera  tamen 
parte;  albuminis  adhuc  modicum  fuperefi  :  ex  hoc  enim  tnodico 
credibile  efi  ovulum  propofitum  creari.  Harvasus  in  traflatu 
generationis  animalium,  exercitatione  xii.  de  ovorum  difFe- 
rentiis. 
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no  other  ground  than  an  ancient  tradition,  whofc 
falfity  will  be  demonftrated  by  the  following  fa 6ts. 

A  farmer  brought  me  feveral  eggs,  one  of 
them  bigger  than  a  pidgeon’s  egg  -f,  aflbring  me 
they  had  been  Iain  by  a  young  cock,  which  was 
the  only  one  in  his  yard,  where  however  there 
were  feveral  hens ;  of  this,  he  made  fo  little 
queftion,  that  he  pofitively  engaged,  that  in  cafe 
I  would  harch  any  one  of  thefe  eggs,  a  ferpent 
fhould  arife  from  it ;  and  to  convince  rne  of  this, 
he  told  me,  I  need  only  open  one  of  them, 
which  I  fhould  find  without  any  yolk,  and  that 
in  the  room  of  yolk,  there  would  be  the  vifible 
figure  of  a  ferpent. 

I  opened  one  of  thefe  eggs  in  the  prefence  of 
M.  Bon^  and  feveral  other  perfons,  who  were  all 
equally  furprized  to  find  it  quite  void  of  yolk, 
and  in  lieu  of  yolk,  to  difeern  a  body  much 
refembling  a  little  twifted  ferpent  which  I  eafily 
unfolded,  after  firft  ftiffning  its  fubftance  in  fpirit 
of  wine,  when  it  appeared  as  in  fig,  3.  After 
this,  I  opened  fome  others,  which,  in  the  main, 
proved  all  like  the  former,  with  this  only  diffe¬ 
rence,  that  the  feeming  ferpent  was  not  equally 
well  expreffed  in  all.  Several  of  thefe  eggs  I 
fhewed  the  academy  ;  in  fome  of  which  was 
feen  a  yellow  round  fpot  about  a  line  in  diameter, 
and  without  thicknefs,  fituate  on  the  membrane 
next  under  the  fhell,  diredliy  againfl  the  obtufc 
end  of  the  egg. 

The  difference  between  thefe  and  the  commqri 
eggs,  which  have  all  a  yolk,  gave  me  a  curio- 
fity  to  examine  into  the  matter,  being  convinced, 
that  if  they  were  lain  by  a  cock,  it  mufi:  have  had 
a  peculiar  organ  for  the  purpofe  ;  and  befides  the 
teilicks  and  two  yards  have  been  furnifhed  with 
t  Plate  I.  Fig.  i  .  ♦  Fig.  2, 
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an  ovary  and  a  tube,  which  muft  have  rendered 
it  an  hermaphrodite.  This  indeed  is  no  more 
than  feveral  animals  are  in  their  kind  ;  and  we 
read  fo  many  accounts  of  fuch  monfters,  that  there 
was  no  great  difficulty  in  fuppofing,  that  a  cock 
might  chance  to  be  fuch.  , 

Upon  this  thought,  1  opened  the  young  cock, 
which  was  fuppofed  to  have  lain  the  little  eggs, 
and  in  the  diire(5tion  1  made  of  it,  found  two 
large  tefticles,  from  whence  arofe  very  regular 
feed  veflels,  which  terminated  each  in'  their  fide, 
with  a  little  yard  in  the  cloaca.  The  cock  in 
fine  was  found  very  vigorous,  but*  utterly  inca¬ 
pable  of  laying  for  want  of  organs. 

Upon  this,  I  procured  fome  of  the  eggs  to 
be  brooded  on  for  hatching ;  but  opening  them 
after  a  month’s  incubation,  I  could  find  no  al¬ 
teration  in  them,  excepting  that  the  white  was 
more  divided,  and  alfo  more  fluid  than  ufual. 

The  farmer  having  now  no  cock  was  furprized 
to  find  a  continuation  of  the  fame  eggs,  and  be¬ 
ing  very  folicitous  to  find  whence  they  fhould 
come,  watched  them  fo  narrowly,  that  at  length 
he  aflfured  me,  they  were  Iain  by  a  hen,  which 
he  brought  me  accordingly. 

All  the  time  I  kept  this  hen  f  found  it  crow 
very  ftrongly,  much  jike  a  cock  that  was  hoarfe  : 
and  that  ffie  voided  by  the  anus  a  thin  yellowilh 
matter,  not  unlike  the  yolk  of  an  egg  dilated  in 
water,  and  ffie  ftill  continued  laying  little  eggs 
like  thofe  I  had  opened. 

Being  fatisfied  of  thefe  fadts,  nothing  remained 
but  to  difeover  the  caufe,  which  accordingly  I 
fought  for  in  the  vifeera  of  the  hen,  and  fliewed 
the  academy  a  bladder  about  the  bignefs  of  the 
fill  full  of  limpid  water  reprefented  by  CCCCC, 
fig,  which  was  faftened  by  the  upper  root  of  its 
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neck  G,  to  the  Jigament  EE,  whereby  the  ovary 
is  fixed  to  the  mouth  of  the  ovidu61:,  and  by  the 
lower  root  to  the  centre  G  of  the  mefentery  of 
the  ovidu6l,  which  choaked  as  it  were  the  two 
parts  of  the  ovidu6l  thus  grafped  by  F  F. 

This  fort  of  dropfy  pinched  the  two  parts  F  F 
of  the  ovidiM^l  fo  clofe,  that  their  cavity,  even 
when  moft  diftended,  was  not  above  five  lines  in 
diameter  ;  and  confequently  a  common  egg,  fucli 
as  they  are  when  they  fall  into  the  tube,  could  not 
pafs  without  burftiog  either  the  o'v  idu6t  or  itfelf. 

The  belly  was  full  of  a  yellow  liquor,  wherein 
little  concretions  were  found  floating  like  pieces  of 
hardened  yolk,  which  formed  another  very  fln** 
gular  fpecies  of  dropfy. 

Now  the  large  bladder  full  of  water  was  the  real 

caufe  of  all  thefe  effedfs. - ^Vvhen  an  egg 

grafped  by  the  mouth  of  the  tube  became  feparated 
from  the  ovary,  and  entered  into  the  ovidu6l,  it 
pafTed  along,  tho’  with  fome  difficulty,  beyond 
the  firfl:  choak,  but  could  not  get  beyond  the  fe- 
cond,  both  as  it  was  clofer  than  the  flrft,  and  by 
reafon  the  white  of  the  egg  had  been  enlarged  by 
anacceffion  of  moifleure,  furnifned  from  the  mem¬ 
branes  of  the  tube  it  had  paflTed  by  :  thus  the  egg 
being  imprifoned  between  the  two  choaks,  irri¬ 
tated  the  membranes  of  the  tube,  which  not  being 
able  to  expel  it,  redoubled  its  contradfions,  and 
obliged  the  hen  to  give  itfelf  violent  throws  and 
ftruggles,  which  it  exprefied  by  a  fort  of  cry, 
imitating,  as  already  has  been  obferved,  the  crow¬ 
ing  of  a  cock.  By  thefe  ftruggles  the  bladder  of 
water  was  comprefied,  and  thruft  clofe  againft  its 
hold ;  the  effedf  of  all  which  forces  was,  that  the 
egg,  whofe  membrane  was  yet  very  thin,  and 
which  have  but  very  little  v/hire,  and  no  fhell, 
burft  ;  upon  which  the  yellow  run  out  fometimes 
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into  the  abdomen,  and  fometimes  into  the  anus, 
according  to  the  fituation  of  the  chink,  or  rup¬ 
ture  ;  and  both  the  one  and  the  other  had  befallen 
this  hen,  as  we  have  already  obferved. 

I'he  bulk  of  the  egg  being  thus  dimlniflied  by 
a  lofs  of  a  great  part  of  the  yolk,  came  forth  not- 
withllanding  the  choak,  and  was  at  length  deli¬ 
vered. 

It  is  obfervable,  that  the  white  furroiinding  the 
yolk,  filled  notwithfianding  its  being  pierced  in  the 
part  whereat  the  yolk  run  out ;  and  confequently 
its  wanting  the  tenfion,  one  would  have  thought 
necefiiiry  for  its  growth ;  for  notwithftanding  all 
this,  the  humour  iurnifhed  by  the  membranes  of  the 
*  ovidudt,  continued  to  fill  and  fwell  its  fpunge- 
cus  parts ;  and  in  proportion  as  it  fwelled,  it  ex- 
prelled  the  remainder  of  the  fluid  matter  of  the 
yolk,  which  could  not  withftand  by  reafon  of  its 
iflue  j  and  therefore  commonly  was  evacuated  al- 
mofl:  wholly,  only  leaving  fometimes  a  few  traces 
in  one  of  the  corners  of  the  egg,  under  the  form 
of  a  yellow  fpot.  It  might  fometimes  alfo  happen, 
that  a  little  part  of  the  yolk  fhould  be  left  in  a 
body,  though  I  have  never  found  it  fo  in  any  eggs 
1  have  opened. 

*  Several  perfons  pretend,  that  the  white  of  the  egg  is 
furnilhed  by  the  yolk.  This  obfervation  demonftrates,  not 
only  that  the  yolk  is  not  the  fource  of  the  white  (for  how 
could  the  yolk,  which  increafes  rather  than  diminifhes  in  the 
ovidud,  be  fufficient  to  produce  the  whole  fubftance  of  the 
white,  which  is  of  a  much  greater  dimenfion  than  the  yolk 
itfelf,  if  it  did  not  receive  it  elfewhere  ? )  but  alfo  that  the 
liquor  which  makes  it,  does  not  pafs  through  the  yolk,  but 
after  having  pafied  through  the  exterior  membrane  of  the  egg, 
it  enters  immediately  into  the  fpongious  body,  w'here  it  flops; 
if  lliis  was  otherwife,  the  humour  of  the  white  would  have 
flowed  together  with  the  yolk,  and  its  fponge  w’ould  not  have 
'increaled. 

While 


Royal  Academy  of  Sciences.  75 

While  the  yolk  was  emptying,  in  itfelf,  by  little 
and  little,  the  Chalazas  ranged  themfelves  diffe¬ 
rently,  according  to  the  place  where  the  egg  hud 
burft  ;  if  the  rupture  were  afide  of  a  Chalaza^  the 
cells  about  the  oppofite  chalaza  fwelling,  chofe 
the  other  which  faftened  itfelf  to  the  obtufe  end  of 
the  egg,  as  meeting  there  with  the  lead  refiftance  ; 
accordingly  I  have  frequently  found  it  fafbened 
in  this  part,  and  fometimes  even  together  with  the 
yellow  fpot. 

But  when  the  aperture  happened  in  a  part  of 
the  yolk  equally  diftant  from  the  two  chalazas^ 
they  then  wrought  in  concert  to  expel  the  yolk  ; 
and  after  this,  reunited  in  the  centres  of  the  egg, 
by  the  contradlion  of  the  membrane  of  the  yolk, 
to  the  ends  whereof  they  are  drongly  faftened, 
which  made  the  refemblance  of  a  ferpent  much  ' 
more  twifted  than  when  there  was  only  one  cha¬ 
laza. 

After  the  yolk  had  been  intirely  evacuated,  and 
even. followed  by  the  moft  fluid  part  of  the  white, 
its  aperture  was  foon  clofed  up,  and  cicatrized  by 
the  vifeidity  of  the  white,  as  well  as  by  the  fatty 
matter  fmeered  over  the  infide  of  the  oviduct,  and 
even  by  the  humid  matter  of  the  egg-fhell  lodged 
at  the  bottom  of  this  dudl. 

I  have  colledled  fome  of  this  humour,  and  ex- 
pofing  it  to  a  gentle  heat,  it  formed  a  fubftance 
perfectly  like  the  ftiell. 

There  is  a  great  probability,  that  part  of  the 
white  went  away  with  the  yolk,  fince  there  was 
only  about  a  third  fo  much  white  in  one  of  thele, 
as  in  a  common  egg. 

I  have  fometimes  found  the  cicatrh  of  the  aper¬ 
ture  of  the  membrane  whereat  the  yolk  had  iffued 
fo  clofely  faftened  to  the  part  of  the  fliell  cor- 
refponding  to  it,  that  one  could  not  have  fepa- 

L  2  raced 


,^6  T'ke  History  and  Memoirs  of  the 

rated  it  without  tearing,  which  was  not  the  cafe 
in  the  reft  of  the  circumference. 

If  hens  fometimes  lay  eggs  without  ftielJs,  it  is 
owing  cither  to  fomc  difeafe,  which  irritating  the 
tube,  makes  them  expel  the  egg  before  its  time ; 
or  too  great  a  fecundity,  which  will  not  give 
them  leifure  to  ripen  them  all ;  fome  hens  will,  in 
the  fame  day,  lay  a  peritdl  orderly  egg,  and  an¬ 
other  without  a  fhell  *,  add,  that  the  want  ol  a 
fufficient  quantity  of  this  humour  which  forms 
the  fhells,  may  in  fome  hens  be  a  caufe  thereof. 
It  is  poftible  likewife  for  a  hen  to  lay  eggs  like 
thofe  here  deferibed,  when  by  the  violence  of  its 
ftruggles  to  be  delivered  of  it,  or  by  fome  other 
external  caufe  the  yolk  of  the  egg  happens  to  be 
burft  in  the  ovidudt ;  but  this  caufe  not  being  con- 
ftant,  the  fame  hens  may  at  other  times  lay  well 
conditioned  eggs. 

Such  choakings  or  compreflions  which  utterly 
prevent  or  annihilate  the  young  ones  in  the  ovipa¬ 
rous  kind,  by  withdrawing  the  matter  of  the  nu¬ 
triment,  would  only  render  thofe  of  the  viviparous 
kind  monfters,  by  reafon  thefe  do  not  carry  their 
nutriment  with  them,  but  find  it  in  the  womb 
where  they  are  going,  provided  fuch  comprefiion 
do  not  deftroy  any  part  eflential  to  the  life  of  the 

animal. - Hence  we  are  not  to  be  furprifed, 

that  thefe  latter  furnifh  much  more  monfters  than 
the  former.  ,  ^ 

An  explanation  of  the  figures^  tranjlated  by  J.  M. 

■  •  ^ 

Platel.  fig.  I.  reprefents  an  egg  without  yolk, 
of  the  natural  bignefs,  covered  with  itsfhell,  having 
one  angle  acute,  and  the  other  obtufe. 

Fig.  2.  reprefents  the  fame  egg  opened, 

AAA  the  clear  white. 


BB 
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BB  the  thick  white,  in  the  centre  of  which  ap¬ 
pears  the  chalaza^  or  figure  of  the  pretended  fcr- 
pent. 

Fig.  3.  reprefents  the  fame  chalaza  taken  from 
the  centre  of  the  thick  white,  and  viewed  through 
a  microfcope. 

Fig.  4;  Ihews  the  infide  of  the  belly  of  the  hen, 
which  laid  the  eggs  reprefented  in  the  preceding 
figures. 

AAAA  the  ovary. 

BBBBBBBB  the  ovidu61:. 

CCCCC  the  preternatural  bladder  filled  with 
clear,  water,  fituated  in  the  middle  of  the  abdomen.^ 
laid  on  one  fide  to  difcover  its  faftenings  ;  it  co¬ 
vers  a  part  of  the  ovidudt,  and  ftrangles  it  in  the 
%  places  marked  FF. 

D  the  expanfion,  or  entrance  of  the  ovidudl. 

EE  the  ligament,  which  faftens  the  fide  of  the 
right  expanfion  of  the  ovary. 

FF  the  ligament  of  the  neck  of  the  bladder 
CCCCC,  which  ftrangles  two  places  of  the  ovi- 
dudf. 

GG  the  faftening  of  the  ligament-,  the  upper 
one  to  the  ligament  EE,  and  the  lower  one  to  the 
centre  of  the  mefentery  of  the  ovidudt.  . 

H  the  cloaca  in  which  are  feen  two  apertures  5 
one  of  which  correfponds  with  the  ovidud,  and 
the  other  with  the  inteftine. 

mil  feveral  yellow  concretions,  interfperfed  in 
the  abdomen^  refembllng  parcels  of  the  yolk  of  a 
hard  egg. 
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XVII.  A  compart fon  oj  the  obfervations  of  fhe 
eclipfe  of  the  moon^  Feb,  13,  1710,  made 
in  different  places^  by  M.  Maraldi*. 

We  have  compared  the  obfervations  of  this 
eclipfe  made  at  Montpellier^  by  Meff.  Plantade 
and  de  Clapiez^  with  thofe  which  are  made  at  the 
fame  time  at  Verfailles  and  at  Paris  ;  and  this  is 
the  refult  of  them. 

t 

II  15  50  All  Grimaldi  out  of  the  fhadow  at 
Montpellier. 

n  9  o  Grimaldi  intirely  emerged  at  Ver¬ 
failles. 

6  50  Difference  of  the  meridians  between 

Verfailles  and  Montpellier  *,  but  Ver¬ 
failles  is  more  wefterly  than  Paris  by 
50^  of  time;  therefore  the  difference 
of  the  meridians  between  Paris  and 
Montpellier^  is  6'  o". 

II  23  53  The  eclipfe  was  8  digits atM?;///jf///Vr. 
19  o  The  fame  phafe  at  Paris. 

451  Difference  of  the  meridians. 

II  32  40  The  eclipfe  is  7  digits  2it  Montpellier. 
28  o  It  is  7  digits  at  Paris. 

4  40  Difference  of  the  meridians. 

1 1  29  o  Copernicus  but  of  the  fhadow  at  Mont- 
pellier. 

II  22  o  The  fhadow  quits  Copernicus  2X  Ver¬ 
failles. 

7  o  Difference  of  the  meridians  between 

Montpellier  and  Verfailles^  and  be¬ 
tween  Montpellier  zxi^  Paris^  6  10". 

^  March  12,  1710. 


II 
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ii  I  n 

1142  o  The  Hiadow  at  the  edge  of  Menalausy 
at  Montpellier, 

II  36  15  Tht  2iX.  Menalaus, 

5  45  Difference  of  the  meridians  between 
Montpellier  and  Paris, 

1 1  47  2  Pliny  at  Montpellier, 

10  40  o  Pliny  begins  to  emerge  2XVer failles, 

7  2  Difference  of  the  meridians  between 

Verfailles  and  Montpellier^  and  be¬ 
tween  Paris  and  Montpellier  6'  1 2^' 
by  this  obfervation. 

1147  2  Pliny  at  Montpellier, 

11  41  20  The  fhadow  of  Pliny  obferved  at 

Paris, 

5  42  Difference  of  the  meridians. 

II  53  18  All  Pycho  out  of  the  fhadow  at  Mont¬ 
pellier, 

11  47  10  The  fhadow  at  the  fecond  border  of 

Tycho  at  Paris, 

6  8  Difference  of  the  meridians. 

12  12  24  The  eclipfe  is  one  digit  at  Montpellier,. 

12  8  o  The  fame  phafe  at  Paris, 

4  24  Difference  of  the  meridians. 

12  18  10  End  of  the  eclipfe  at  Montpellier, 

12  12  20  End  of  the  eclipfe  at 

5  50  Difference  of  the  meridians  between 

Paris  and  Montpellier, 

\2  II  30  End  of  the  eclipfe  at 

6  40  Difference  of  the  meridians  between 

Verfailles  and  Montpellier, 

By  the  coraparifon  of  thefe  obfervations,  the 
fpots  of  Grimaldiy  Copernicus,,  and  Tycho,  give 
within  fome  feconds  the  fame  difference  of  the 
meridians  between  Verfailles,  Paris,  and  Mont¬ 
pellier  \  and  that  of  6'  10"  which  refults  between 
Montpellier  and  Paris,  agrees  with  that  which 
3  has 
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has  been  found  by  the  obfervations  of  the  fatellites 
of  Jupiter^  made  in  both  places,  and  by  the  tri¬ 
angles  of  the  meridian.  The  difference  of  the 
meridians  which  refults  between  Paris  and  Ver- 
failleSy  by  the  fame  obfervations,  is  alfo  the  fame 
that  has  been  found  between  thefe  2  cities,  by  geo¬ 
metrical  operations. 

This  exacftnefs  comes  from  the  fpots  being  well 
determined,  and  the  time  of  the  fliadow’s  quitting 
the  fecond  limb  of  thefe  fpots  being  well  diftin- 
guifhed.  There  is  not  the  fame  exadlnefs  in  the 
difference  of  the  meridians  which  refults  from  the 
fpots  of  Pliny  and  Menelaus^  obferved  at  Paris 
and  Montpellier  ;  becaufe  as  thefe  fpots  have  fomc 
breadth,  they  have  not  agreed  perhaps  in  mark¬ 
ing  the  arrival  of  the  fhadow  at  the  fame  term  of 
the  fpot,  as  they  have  done  in  the  obfervation  of 
the  former  fpots. 

The  difference  of  the  meridians  which  refults 
from  the  determination  of  the  digits  eclipfed,  is  a 
little  more  than  that  of  the  fpots  ;  which  fhews, 
that  we  muft  not  make  ufe  of  thefe  forts  of  obfer¬ 
vations  in  the  finding  of  longitudes,  except  when 
we  have  no  obfervations  of  the  fpots. 

Laftly  we  fee,  that  in  the  determination  of  the 
end  of  this  eclipfe,  all  the  obfervers  agree  within 
about  I  a  minute,  tho’  they  are  not  fo  exadly 
agreed  in  the  determination  of  the  digits  eclipfed. 
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OF  THE 

Philosophical  Discoveries  and  Ob¬ 
servations  in  the  History  of  the 
Royal  Academy  of  Sciences  at 
P art  for  the  Y ear  1 7 1 1 . 

1.  On  the  communication  of  air  in  water. 

WE  know  that  the  water  is  quite  filled  and 
impregnated  with  air.  As  foon  as  it  is 
in  vacuo^  the  air  which  it  contained,  difengage^ 
iifelf,  and  goes  out,  in  an  infinite  number  of 
bubbles.  The  mechanifin  of  the  refpiration  of 
filhes,  confifts  only  in  drawing  from  the  water, 
the  air  that  is  inclofed  in  it ;  but  Mefs,  de  la  Hire 
had  a  mind  to  fee  what  power  obliges  it  to  enter 
therein,  and  whether  it  enters  with  a  velocity  pro¬ 
portioned  to  the  force  with  which  this  power  iiti- 
pells  it. 

For  this  purpofe,  they  took  a  crooked  glafi 
tube,  with  unequal  branches,  the  longeft  of  which 
being  hermetically  fealed,  was  twenty-fout  inches, 
and  the  fiiorteft  three.  They  poured  water  in  it, 
inclining  it,  but  did  not  fill  it  intrrely;  fo  that 
when  they  afterwards  placed  it  vertically,  therfc 
happened  to  it  the  fame  thing,  as  to  a  tube -not 
quite  filled  with  quickfilver.  There  was  at  the 
top  of  the  long  branch,  fome  air  a  little  dilated  ; 
it  occupied  four  inches,  and  the  water  kept  tip  at 
fixtecn  inches,  nine  lines,  above  the  water  of  the 
little  branch  :  thefe  fouf  inches  of  air,  and  thefe 
fixteen  inches,  nine  fines,  of  water,  made  therC- 
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fore  an  equilihrum^  with  the  intire  column  of  air 
which  prelTed  upon  the  little  branch  ;  and  as  they 
had  taken  the  time  when  the  barometer  was  in  its 
mean  height,  this  column  was  equivalent  to  27  \ 
inches  of  quick-filver,  or  thirty-two  feet  of  water, 
which  are  three  hundred  eighty-four  inches  :  con- 
fequently  the  four  inches  of  air  inclofed  in  the  long 
branch,  made  an  equilibrium  with  three  hundred 
fixty-feven  inches,  three  lines  of  water,  and  were 
more  dilated  than  the  outward  air  in  the  ratio  of 
three  hundred  eighty-four,  to  above  three  hundred 
fixty-feven. 

^  The  air  which  touched  the  water  of  the  little 
branch,  being  more  condenfed^  or  which  comes 
to  the  fame  thing,  more  prefled  than  that  of  the 
long  branch,  ought  therefore  to  enter  into  the  wa¬ 
ter,  to  pafs  into  the  long  branch,  to  rife  always 
through  the  water,  to  join  itfelf  to  the  air  of  the 
top  of  the  tube,  to  augment  its  bulk,  and  its 
weight,  and  make  the  flxteen  inches,  nine  lines, 
of  water,  fink.  To  make  the  outward  air  enter 
into  .the  water  in  a  greater  quantity,  the  little 
branch  opened  into  a  glafs  phial,  which  prefented 
to  the  air,  a  pretty  large  furface. 

^  This  was  done  the  1 6th  of  March,  1710*,  and 
the  crooked  tube  was  left  in  experiment.  MeflT. 
de  la  Hire  fully  expedled,  that  the  water  of  the 
long  branch  would  fink,  as  they  had  feen  it  hap¬ 
pen  to  that  of  a  water-barometer  which  they  had  ; 
they  believed  alfo,  that  befides  its  defeending  in 
"general,  by  the  introduebion  of  a  new  air  into  the 
top  of  the  tube,  it  would  have  fome  particular  va¬ 
riations  of  height,  by  the  fame  caufes  with  the 
barometer  and  thermometer ;  but  the  event  was 
abfolutely  contrary  to  all  that  could  be  forefeen. 
At  the  end  of  three  months,  the  water  was  rifen 

about 
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about  four  lines  in  the  tube;  and  the  26th  of 
December  it  was  an  entire  inch ;  fo  that  the  air 
which  was  inclofed  in  it  had  loft  ^  of  its  bulk. 
The  variations  of  the  heat,  and  of  the  gravity  of 
the  atmofphere,  had  not  any  efted  upon  this 
water. 

¥ 

MelT.  de  la  Eire  do  not  yet  undertake  to  ex¬ 
plain  fo  unexpedied,  and  fo  odd  a  ph^enomenon. 
They  labour  to  clear  it  by  other  experiments, 
which  perhaps  have  alfo  their  oddnelfes,  or  their 
wonders. 

.[I.  On  the  catife  of  the  ^oariation  of  the 

rometer  ;  trairfated  by  Mr.  Chambers. 

It  is  evident  from  the  barometer,  that  when  it 
rains,  or  is  about  to  rain,  the  air  ufually  becomes 
lighter  than  before.  Now  ’tis  eafy  to  imagine, 
that  if  the  air  become  lighter,  it  muft  rain  ;  for 
that  the  little  infenfible  molecules  of  water  diffufed 
in  vaft  quantities  through  all  parts  of  the  air,  be¬ 
ing  no  longer  fufticiently  fuftained,  when  the  air 
has  loft  part  of  its  weight,  muft  of  courfe  begin  to 
fill ;  and  by  this  fall,  united  together,  form  drops 
of  rain  :  thus  in  the  receiver  of  an  air-pump,  after 
about  half  of  the  air  is  exhaufted,  and  confequent- 
ly  the  weight  of  the  whole  diminifhed  by  half,  we 

find  a  little  fhower  trickle  down. - But  then, 

how  comes  the  air  to  loofe  its  weight  ?  The  anfwer 
might  be,  that  where  it  rains,  the  winds  have 
driven  part  of  it  elfewhere  ;  hMX.yi.  heibnitz^  in  a 
letter  to  the  Able  Bignon^  ailedges  another  reafon, 
entirely  new. 

He  aftTerts,  that  a  foreign  body  immerged  in  a 
fluid,  weighs  with  that  fluid,  and  make  part  of 
its  v.’hole  weight,  fo  long  as  it  is  fuftained  therein  ; 
but  that  if  it  ceafe  to  be  fuftained,  and  confe- 
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quently  begin  to  fall,  its  weight  will  no  longer- 
make  part  of  that  of  the  fluid,  which  therefore 

becomes  lighter  of  courfe.. - The  applica- 

jtion  of  this,  to  the  molecules  of  water,  is  eafy ; 
they  increafe  the  weight  ofthe  air  while  it  fuftains 
them,  and  diminifli  it  when  it  lets  them  fall-,  and 
as  it  may  frequently  happen,  that  the  higher  mo- 
cules  of  water  fliall  fall  a  confiderable  time  ere 
they  join  the  lower,  the  weight  of  the  air  will  be 
diminifhed  ere  it  rain,  and  the  barometer  will 
foretel  it. 

This  new  principle  of  M.  Leibnitz  is  very  fur^ 
prifing  ;  for  a  foreign  body  immerged  in  a  fluid, 
whether  it  be  fuftained  therein,  or  not,  muft  ftill 
weigh, or  gravitate.  Andean  its  weight  bear  on  any 
other  bottom,  than  that  which  fupports  the  whole 
fluid  ?  Does  this  bottom  ceafe  to  bear  the  foreign 
body,  becaufc  it  falls?  And  does  not  this  body, 
even  in  its  fall,  continue  to  make  part  of  the  fluid 
fo  far  as  it  regards  its  weight  ?  By  this  account, 
while  a  chymical  precipitation  is  proceeding,  the 
whole  matter  muft  weigh  IfTs  than  it  did,  before 
the  precipitation  began,  which  is  more  than  was 
ever  yet  obferved. 

But  notwithftanding  all  thefe  objedlions,  the 
principle  will  fubfifl:  when  clofely  examined.  What 
fupports  a  heavy  body  is  preffed  by  it ;  a  table, 
for  inftance,  which  fupports  a  lump  of  iron  of  a 
pound  weight,  will  be  prefled  by  it ;  and  will 
only  be  preffed,  becaufc  it  fuilains  the  whole 
•adion  and  effort,  which  the  caufe  of  weight, 
whatever  it  be,  exerts  on  this  lump  of  iron  to 
drive  it  downwards;  if  therefore  the  table  yield, 
and  give  way  to  the  adion  of  this  caufe  of 
weight,  it  will  no  longer  be  preffed  by  it ;  and 
confequently  will  not  bear  any  thing  :  after  the 
fame  manner,  the  bottom  of  a  veflei  containing 
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a  fluid,  oppofes  the  whole  adfcion  of  the  caufes  of 
gravity  on  that  fluid  ;  and  if  a  foreign  body  float 
therein,  the  bottom  will  alfo  oppofe  the  adion  of 
the  caufe  of  gravity  thereon  •,  for  that  fuch  body 
being  in  equilibrio  with  the  fluid,  is  as  to  this  re- 
fped,  a  real  part  of  it :  thus  the  bottom  is  prelTed, 
both  by  the  fluid,  and  the  foreign  body  ;  and  it 
bears  them  both;  but  if  fuch  body  fall,  it  yields 
to  the  adion  of  gravity  ;  and  confequently  the 
bottom  does  not  fuftain  it,  nor  will  fuftain  if  till 
the  body  falls  upon  it,  during  the  time  of  the  fall; 
therefore  the  bottom  is  eafed  of  the  weight  of  this 
body,  which  is  no  longer  bore  by  any  thing,  but 
impelled  by  the  caufe  of  gravity,  which  nothing 
hinders  it  from  yielding  to. 

To  confirm  this  dodrine,  M.  Leinbitz  pro- 

pofed  an  experiment. - To  the  two  ends  of  a 

thread  fatten  two  bodies ;  one  of  them  heavier, 
and  the  other  lighter  than  water  ;  but  fuch  as  that, 
both  together,  may  float  on  the  water:  put  thefe 
in  a  phial  full  of  water,  and  ttifpcnd  this  phial  in 
a  ballance,  where  it  ftands  exadly  in  equilibrio 
with  another  weight ;  then  cut  the  thread  which 
ties  the  two  bodies  together,  and  the  heavier  will 
begin  to  fall.  In  this  cafe  he  holds,  that  the 
phial  will  no  longer  maintain  the  equilibrium  ; 
but  that  the  weight,  which  before  Vv^as  equal  to 
it,  will  now  prevail,  and  make  it  mount  by  rea- 
fon  the  bottom  of  the  phial,  which  bears  the  whole 
weight  thereof,  is  now  icfs  preflTed  than  before. 
It  is  evident  fuch  phial  mutt  be  of  a  fufficient 
length,  that  the  falling  body  may  not  arrive  at 
the  bottom,  before  the  phial  have  had  time  to 
mount.  In  chymical  precipitations^the  veflTels  are 
not  deep  enough,  or  the  matters  precipitate  too 
haftily,  or  fometimeseven  tooflowiy,  for  theeffed  of 
this  principle  to  appear,  fo  that  the  tailing  particles 
2  are 
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always,  as  to  fenfe,  in  equi-Jibrio,  with  the  li¬ 
quor  which  contains  them. 

M.  Ramazzini^  a  celebrated  profeffor  at  Padua^ 
10  Leibnitz  had  propofed  his  experi-< 

ment,  made  it  with  fuccefs  after  a  few  fruitlefs 
tryals,  and  it  fucceeded  in  the  fame  manner  with 
M.  de  Reaumur^  to  whom  the  academy  deputed 
the  care  of  making  it,  fo  that  we  have  here  a 
new  view  in  philofophy,  which  tho’  it  arife  from 
a  principle  well  known,  is  yet  very  fubtile  and  ab- 
ftrufe  *,  and  may  give  us  room  to  apprehend,  that 
in  fubje6ts  which  had  been  the  mod  canvaffed, 
many  things  have  dill  efcaped  us. 

III.  The  defcription  of  a  natural  grotto  near 

Foligno,  in  Italy. 

M.  Maraldi  has  given  the  defcription  of  a  na¬ 
tural  grotto,  which  has  been  found,  in  making 
the  foundation  of  a  houfe,  that  M.  le  Marquis 
Elifei  built  three  miles  from  Foligno^  in  Italy, 
The  figure  of  the  grotto  is  irregular  j  its  greated 
height,  which  is  unequal,  is  thirty  or  forty  feet, 
and  ten  or  twelve’  paces  broad.  The  walls  of  it 
are  formed  by  a  fine  incrudation  of  marble,  of  a 
pale  yellow  colour  *,  and  they  are  raifed  from 
fpace  to  fpace,  by  columns  in  bajjo  relievo^  of 
the  fame  marble.  From  the  top  of  the  vault 
there  defcended  other  like  columns,  fome  quite 
to  the  ground,  which  were  twenty-five  feet  long  ; 
the  others  at  different  didances;  and  the  diorted 
were  only  two  or  three  feet :  their  diameters  were 
alfo  of  very  different  fizes.  Among  all  thefe  di- 
verfities,  there  was  a  remarkable  regularity.  The 
height  of  the  walls,  and  of  the  columns,  both  of 
thole  that  are  placed  againd  the  walls,  and  of 

thole 
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thofe  which  defcended  from  the  top,  provided 
they  defcend  low  enough,  is  divided  into  two  un¬ 
equal  parts,  by  a  cord  which  runs  through  the 
whole  ;  and  is  in  the  fame  horizontal  plane  raifed 
about  four  feet  above  the  floor.  All  that  is  above 
the  cord,  is  more  equal,  and  uniform,  and  lefs 
rugged  than  that  which  is  below.  From  the  cord, 
the  columns  grows  thicker  to  a  certain  diftance  ; 
after  which  they  grow  lefs.  In  this  fwelling, 
M.  Maraldi  found  the  circumference  of  the  co¬ 
lumns  to  be  thirty  inches;  whereas  it  is  only 
twenty-two  above  the  cord.  This  floor  of  the 
grotto  is  unequal,  and  formed  by  broad  and  thin 
flabs  of  marble,  placed  one  upon  another  ;  and 
fometimes  in  fuch  a  manner,  that  they  make  little 
arches,  which,  by  walking  upon  them,  fink  ixn, 
and  break. 

As  there  is  near  this  place  a  river,  the  waters  of 
which  have  a  fulphurous  tafte,  and  fmell,  M.  Ma^ 
raldi  believes,  that  thefe  waters  in  filtrating  thro* 
the  earths,  may  have  brought  away  fome  clay,  or 
fand,  which  being  mixed  with  fome  fulphur,  may 
have  formed  all  the  petrifications  of  the  grotto  ; 
for  heobferves,  that  the  fulphurous  waters  of  Tz- 
voli  have  always  a  number  of  little  flones  ;  the 
afifemblage  of  which  forms  a  fort  of  Travertin  ; 
and  that  probably  thefe  waters  have  produced 
them,  fince  the  common  opinion  of  the  workmen 
is,  that  this  Travertin  increafes  fenfibly.  Some 
finer  fands  which  have  been  brought  at  fiift,  have 
made  the  petrefications  which  are  above  the  cord, 
more  equal,  and  more  perfect  *,  afterwards,  fome 
coarfer  fands  which  have  paffed  thro’  the  paths, 
which  the  firfl  had  opened,  perhaps  alfo  mixed 
with  too  much  water,  to  give  it  an  eafier  paffage, 
have  made  the  lower  petrifications,  lefs  uniform, 
and  not  fo  well  wrought. 

VoL.  IV.  N?.  37.  N  The 


(JO  T'he  \lisToKY  and  Memoirs’^ the 

The  grotto  of  Antiparos^  which  was  fpoken  of 
by  the  late  M.  Tournefort  in  the  memoirs  of 
^1702*5  was  alfo  full  of  pieces  of  'marble  ;  but 
they  came  out  of  the  earth,  and  raifed  themfelvcs 
upwards.  And  if,  as  as  we  have  faid  in  the 
hiftory  of  1708,  this  grotto  in  the  hypothefis  of 
M.  T ournefort  was  a  garden,  of  which  the  pieces 
of  marble  were  the  plants,  this  of  Foligno  will  be 
alfo  a  garden,  but  inverted  fince  the  plants  grow 
from  its  arch,  and  defcend  in  this  refped  Tike 
coral. 

IV.  On  the  reduFlion  of  the  depth  'offnow  hi 

inciting. 

According  to  M.  de  la  Hirers  obfervatibns,  fnow, 
when  melted,  is  reduced  always  to  the 'fifth  or 
fixth  part  of  the  Height  that  it  had.  The  night  be¬ 
tween  the  13th  and  14th  of  February^  this  year, 
there  fell  fome  fnow,  which  was  reduced  ko  i-\  th 
of  its  height  j  that  is  to  fay,  in  melting  it*  dimi- 
'niflied  as  much  again  as  ufual :  the  reafon  of  it  is, 
as  M.  de  la  Hire  has  obferved,  that  it  was  very 
fine,  very  thin,  and  all  in  fmall  flakes,  and  ex- 
cefTively  dry  *,  which  fupporting  thernfelves,  one 
upon  another,  occupied  a  great  deal  of  fpace.  Be- 
caufe  of  this  drynefs,  it'  faftened  but  little  upon 
the  houfcsj  and  that  which  fell  upon  the  north- 
fid^,  from  whence  the  wind  came,  was  entirely 
carrfed  away,  although  there  fell  fix  or  feven 
inches  of  fnow. 

*  Vol.  I.  p.  419  of  this  abridgment. 
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V.  Of  the  colours  of  bodies  melted  by  the  burii- 

ing-glafs, 

M.  Homherg  has  fiiid,  that  fuch  fubflances  as 
gold,  filvier,  which  being  in  fufion  at  the  fo¬ 
cus  of  a  burning  glafs,  appear  to  the  naked  eye, 
only  under  the  colour  oklight  ;  and  with  a  pro¬ 
digious  brightnefs,  are  feen  with  their  natural  co¬ 
lours,  if  they  are  viewed  through  a  fmoaked 
glafs. 

VI.  Of  a  glew  for  agat, 

M.  Homherg  has  proved,  that  the  glew  of 
•cheefe,  which  is  proper  for  glafs,  is  of  no  ufe  for 
agat  j  and  that  it  muft  have  the  varnifla  of  china. 

* 

VII.  Of  a  fait  fo\nd  in  the  ‘waters  of 

Arcueil. 

In  Hovsmher  1710,  M.  de  la  Hire  the  fon, 
having  a  mind  to  make  fome  experiments,  had 
with  the  water  of  Arcueil,  filled  a  bottle,  in  which 
there  had  been  wine  ;  but  it  had  been  rinfed  with 
two  or  three  waters ;  he  put  a  piece  of  lead  in  it 
as  big  as  a  nut,  and  afterwards  (topped  it  well 
•with  a  cork.  He  left  it  without  touching  it,  in  a 
place  where  the  fun  did  not  (liine,  and  where 
there  was  no  fire  made.  In  January  following, 
he  looked  at  his  bottle,  and  perceived  that  upon 
the  convex  part  of  the  bottom  of  the  bottle,  there 
was  a  little  white  body,  as  big  as  a  pin’s  head,  and 
and  fome  days  after,  not  having  removed  the  bot¬ 
tle,  he  faw  chat  it  was  a  grain  of  fait  of  a  cubic 
figure,  and  that  it  began  to  form  feveral  others 

N  2  round 
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round  it.  They  continued  forming  themfeivcs 
till  the  end  of  May^  when  there  was  about  twenty 
of  a  middling  fize,  and  as  many  fmallones.  M. 
de  la  Hire  drew  lome  of  them  out  of  the  bottle 
without  emptying  it,  and  he  found  they  had  the 
figure  of  the  fea-falt,  and  a  little  of  its  tafte. 
Having  kept  them  fome  days  wrapt  up  in  a  paper, 
he  faw  that  they  were  become  white  inftead  of 
tranfparenr,  as  they  were  before,  that  they  were 
almoft  all  reduced  to  powder,  and  calcined  of 
themfelves^  *,  and  that  thofe  which  were  not  fo, 
eafily  broke,  and  became  a  very  fine  white  pow¬ 
der. 

As  the  water  of  Arcueil  produces  a  ftony  cruft 
in  the  channels  where  it  runs,  we  might  believe, 
that  the  matter  found  in  the  bottle  was  of  the 
fame  nature,  but  it  had  a  tafte,  and  calcined  in 
the  air,  two  qualities  which  the  other  has  not. 

We  know  that  lead  diftblves  in  vinegar,  and 
M.  de  la  Hire  fufpetfted,  that  fome  acid  particles 
of  the  wine  which  had  not  been  taken  awav  in 
walking  the  bottle,  might  have  adted  upon  the 
little  bit  of  lead  that  he  had  put  in,  and  loofened 
thefe  little  white  grains  from  it ;  but  if  they  had 
been  lead,  they  would  eafily  have  incorporated 
with  an  oil,  as  that  of  nuts,  which  they  did  not 
do  at  all. 

There  is  therefore  more  probability,  that  they 
were  fait,  altho’  it  is  pretty  extraordinary,  that 
they  fhould  be  thus  formed  in  fo  pure  a  water  as 
that  of  ArcueiL  In  emptying  the  bottle,  M.  de 
la  Hire  faw,  that  fome  bits  of  threads  were  har¬ 
dened  by  this  fait,  and  that  the  reft  were  rotten. 
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VIII.  Of  a  furprlfing  fwiftnefs^  in  the  motion 
of  an  almoji  invifble  inf  51. 

M.  Delifle  has  obferved,  that  a  fly,  fo  fmall  as 
to  be  almofl;  invifible,  run  over  a  paper  of  almofl: 
three  inches,  in  half  a  fecond.  It  was  fo  fmall, 
that  its  feet  might  be  reckoned  to  apply  them- 
felves  fucctfTively  upon  the  whole  fpace  that  it  run 
over  ;  and  as  it  appeared  to  M.  Delijle  that  they 
might  be  ^  of  a  line  in  bignefs;  it  made  in  the 
fpace  of  a  line,  fifteen  fteps,  or  fifteen  motions  ; 
and  confequently  it  made  540  in  the  fpace  of  3 
inches.  How  nimble  mufl:  it  be  to  remove  one 
foot  above  500  times  in  f  a  fecond,  or  more  than 
1000  times  in  one  of  the  common  pulfations  of 
our  arteries!  It  is  true,  that  with  a  magnifying 
glafs,  this  infeefl:  appears  to  have  two  wings,  but 
it  is  not  perceived  to  ufe  them. 


IX.  Obfervations  on  fome  puppies  killed 

hafily. 


M.  Littre  fays,  that  having  fuddenly,  and  at 
one  ftroke,  cut  off  the  heads  of  fucking  puppies, 
he  found  the  ftomachs  full  of  four  and  coagulated 
milk.  Now  there  was  not  any  confiderable  al¬ 
teration  made  in  it,  fince  the  death  of  the  animal 
was  fo  quick ;  and  confequently  it  appears,  that 
the  milk  was  foured  by  a  natural  ferment  of  the 
llomach  *,  and  that  it  is  this  ferment  which  makes 
the  digeftion,  which  fome  fkilful  moderns  make 
to  depend  entirely  upon  the  trituration  of  the 
membranes  of  this  bowel. 

M.  Littre  had  another  defign  in  this  experi¬ 
ment  •,  he  had  a  mind  to  fee  if  the  water  of  the  Pe¬ 
ricardium^  and  that  of  the  ventricles  of  the  brain, 
which  we  commonly  find  in  dead  bodies,  were 
not  produced,  as  fome  maintain,  by  the  approach 
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of  death,^  by  ficknels,  by  agitations,  i^c,  Thefe 
puppies  fo  haftily  killed,  were  proper  for  re¬ 
volving  the  queftion.  They  had  water  both  in 
ihc.pericardtum^  and  in  the  ventricles. of  the  brain, 
andiconfequently  they  mud  have  fome  natural  ufe, 

I 

X,  0/2  windmills. 

The  perfection  of  windmills,  that  we  have 
boafted  of  in  the  hiftory  of  1701^',  mud  be  un- 
derdood  only  of  the  two  points  there  mentioned. 
The  axis  of  the  mill  which  carries  the  fails,  mud 
be'pnt  exadly  in* the  direction  of  the  wind,  and 
the  fails  mud  be  oblique  with  regard  to  this  axis, 
and'  make  with  it  an  angle  of  almod  55^.  The 
dfd  point  is  always  obferved  in  the  pradtice  ;  the 
fecond  is  often  wanting  \  and’  M.  Parent  has  ob- 
-ferved,  that  about  Paris^  the  angle  which  ought 
to  be  55*^  is  71  which  receedstoo  far  from  what 
is,prefcribed  by  the  theory  of  mechanicks. 

Bcfides'this  well  known  defe6f,  which  cannot  be 
imputed  to  the  theory,  it  is  very  pofTible  that  there 
'Hiay-be  others  in  the  machine  which  we  do  not 
know,  becaufe  the  geometricians  have  not  ex¬ 
amined  them  enough.  They  put  four  fails,  and 
they  make  them  redlangular  *,  the  proportion  of 
thefe  red'tangles,  is  commonly  32  feet  length  of 
fiil,  from  .the  centre  of  the  axis^  ox  arbor  \  and 

•  27  feet  length  of  cloth,  to  7  in  breadth.  But 
how  are  we  fare  that  thefe  are  the  number  of  fails, 

•  and  the  figure,  and  the  proportion  which  agree 
.the  bed  with  the  defign  of  the  machine?  We 

might  even  confider  alfo  the  pofition  of  the  fails, 
-of  vfrhich  the  fmalled  dimenfion,  or  the  breadth, 
is  put  to  the  fide  of  the  axh^  without  any  ways 
doubting  whether  the  other  dimenfion  flrould  not 
be  put  there.  Ho'wever^  nothing  of  all  this  isde- 
mondra.ted,  and  M,  Parent  comes  at  lad  to  difli- 

»  Vol.  I.  p.  258.  pate 
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pate  this  uncertainty,  and  fix  all  the  views  that 
cafi  be  had  upon  this  fubjecfl'. 

The  whole  force  of  a  windmill  depends  on  the 
impreflion  of  the  wind  upon  its  fails.  We  fhail 
not  determine  the  number  of  them  ;  but  confider 
only  one,  of  which  the  figure,  the  proportion, 
and  pofition,  fuch  as  we  have  juft ‘explained, 
fhall  remain  undeterminate.  We  muft  only  fup- 
pofe  the  axis  to  be  in  the  direftion  of  the  wind, 
and  that  the  fail  makes  with  the  axis^  an  angle  of 
55^,  fince  thefe  are  already  two  advantages  that 
we  are  fure  of,  and  two  truths,  of  which  we  are 
fatisfied.  The  impreflion  of  the  wind  upon  one 
fail,  is  as  much  greater  as  the  furface  of  this  fail 
is  greater,  fince  there  are  a  greater  number  of 
points  impelled  by  a  force,  which  in  itfelf,  is 
equal.  But  as  the  fail  is  faftened  to  tht  axis,  the 
fame  wind  a6ls  upon  the  different  parts  of  the  fail, 
with  fo  much  more  advantage,  as  they  are  farther 
diftant  from  the  centre  0:  the  axis,  becaufe  a 
greater  diftance  from  this  centre,  which  is  the 
fixed  point,  is  a  greater  lever,  by  which  the 
wind  adts:  thus  we  may  look  upon  the  whole 
length,  or  height,  of  the  fail,  as  a  feries  of  le¬ 
vers  continually  increafing ;  among  which  there  is 
neceffarily  a  mean,  which  fo  compenfates  the  dif- 
advantage  of  the  fmall,  and  the  advantage  of  the 
great  ones,  that  if  the  wind  aded  by  this  lever 
alone,  it  would  ad  as  much  as  by  all  the  reft  to¬ 
gether,  and  therefore  the  centre  of  the  imprejfion  of 
the  wind  upon  the  fail,  is  at  the  extremity  of  this 
lever,  according  to  the  idea  that  we  have  given  of 
thefe  forts  of  centres  in  the  hiftory  of  1702,  and 

^703* 
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points  of  the  furface  of  the  fail,  being  of  itfelf 

‘equal. 
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equal,  it  is  the  fame  thing  as  if  we  (hould  confi- 
der  them  as  equal  weights,  but  unequally  diftant 
from  a  fixed  point,  and  adling  by  unequal  levers. 
Now  in  this  cafe,  the  point  where  all  their  adlion 
would  re-unite,  or  to  fpeak  more  accurately,  the 
point  in  relation  to  which  the  produ6l  of  the 
weights,  by  their  levers,  would  be  equal  on  both 
fides,  would  be  the  centre  of  gravity.  Therefore 
here  the  centre  of  gravity  of  the  fail,  faftened  to 
the  axis^  and  the  centre  of  impreffion  of  the  wind 
upon  the  fail,  are  only  the  fame  thing. 

The  farther  the  centre  of  gravity  of  the  fail 
fhall  be  from  the  centre  of  the  axis^  the  longer 
will  the  lever  of  the  wind  be,  and  the  more  ad- 
vantageoufly  will  the  wind  a6t.  Befides,  its  force 
is  abfolute,  which  is  as  much  greater,  as  the  /ur- 
face  upon  which  it  falls  is  greater  \  and  confe- 
quently  the  whole  force  of  the  adlion  of  the  wind, 
is  a  produ6t  of  the  furface  of  the  fail,  by  the  di- 
ftance  of  the  centre  of  the  axis  from  the  centre  of 
gravity  of  the  fail. 

We  know,  that  according  to  the  figure,  and 
more  exadlly  according  to  a  geometrical  nature  of 
a  furface,  the  centre  of  gravity  is  there  placed  at 
different  diftances  from  the  fame  fixed  point,  with 
regard  to  which  we  confider  the  different  levers  of 
its  different  parts.  Thus  the  wind  may  adf  with 
more  force  upon  a  fmall  furface,  than  upon  a  large 
one ;  if  in  recompenfe  it  a6ls  upon  the  fmall  by  a 
longer  lever ;  and  in  general,  the  lever  of  the 
wind  being  variable,  according  to  the  figure  of 
the  fails,  we  muft  neceffarily  make  it  enter  into 
the  examinations  of  the  force  of  the  wind.  We 
fuppofe  for  the  fail,  a  length,  or  height,  which 
(hall  always  be  the  fame  example,  or  32  feet,  let 
the  fail  be  filled  or  not,  that  is  to  fay,  let  the  cloth 
begin,  or  not  beein,  from  the  axis  of  the  mill. 

i  ^  M. 
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M.  Parent  gave  at  firft  a  figure  to  the  fail  that 
had  never  been  leen  *,  he  would  have  them  a  lector 
of  an  ellipfis  ;  the  centre  of  which,  fhould  be  that 
of  the  axis^  or  arbor ^  of  the  mill  *,  and  the  fmall 
femi-axis  the  height  of  32  feet  *,  and  for  the  great, 
it  necelTarily  comes  afterwards  by  the  fuppoficion,, 
which  always  fubfifts,  that  any  fail  whatever  is  in¬ 
clined  to  the  axis  of  the  mill  by  55^.  We  lhall 
not  reft  upon  this  point,  which  is  too  geometrical. 
The  elliptical  fail  is  full :  but  to  have  its  centre  of 
gravity,  it  muft  be  known  what  portion  of  an 
ellipfis  it  is,  if  this  feeftor  is  |,  or  or  -J,  or 
which  is  the  fame  thing,  if  we  would  allow  2,  or 
4,  or  6,  fails  to  the  mill  ;  and  this  is.  the 
reafon. 

The  centre  of  gravity  of  an  elliptical  feeftor,  is 
the  fame  as  that  of  the  correfponding  fedtor  of  a 
circle  deferibed  upon  the  little  axis  of  the  ellipfis. 
Now  to  have  the  centre  of  gravity  of  a  circular 
fedlor,  we  muft  have  that  of  the  arch  of  th;s 
feclor  *,  and  the  whole  depends  upon  well  under- 
ftanding  what  the  centre  of  gravity  of  an  arch  of 
a  circle  is. 

We  muft  conceive  this  arch  with  its  cord,  in 
proportion  to  which  all  the  points  of  the  arch  are 
as  equal  weights,  adling  by  levers,  which  are 
lines  drawn  from  each  of  thefe  points,  upon  the 
cord  parallel  to  the  radius^  that  cuts  the  cord  in 
half.  The  part  of  this  radius  contained  between 
the  cord,  and  the  arch,  is  the  verfed  fine  of  the 
arch.  This  fine  is  the  greateft  of  ail  the  levers ; 
and  it  is  this,  by  which  the  fummit  of  the  arch 
adts.  All  the  others  to  the  right,  and  left,  conti¬ 
nually  diminifh,  till  they  come  to  nothing.  It  is 
vifible,  that  a  mean  lever  will  be  fmaller  than  this 
verfed  fine;  and  will  be  a  part  of  it;  one  extre¬ 
mity  of  which  will  be  at  the  vertex  of  the  arch, 
VoL.  IV,  37,  O  and 
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and  the  other  will  be  the  centre  of  gravity  of  the 
arch.  The  fmaller  an  arch  is,  the  fmaller  is  its 
verfed  fine  ;  and  confequently  alfo  its  mean  lever, 
part  of  this  fine,  and  reciprocally.  It  remains  to 
iee  according  to  what  proportion  the  mean  lever 
is  part  of  the  verfed  fine. 

A  mean  lever  among  many  fmall,  and  many 
great  ones,  will  be  as  much  greater,  as  the  num¬ 
ber  of  the  fmall  fhall  be  lefs,  in  proportion  to  that 
of  the  great  ones.  Now  in  confidering  the  diffe¬ 
rent  arches  of  a  circle  with  their  cords,  we  fee  evi¬ 
dently,  that  the  greater  an  arch  is,  the  lefs  is  the 
number  of  thefe  fmall  levers,  and  the  larger  is  the 
number  of  the  great  ones.  Therefore,  the  larger  an 
arch  is,  the  greater  is  its  mean  lever;  and  is  lefs  ex¬ 
ceeded  by  the  verfed  fine ;  that  is  to  fay,  it  is  a 
greater  part  of  this  fine. The  mean  lever  of  the  femi- 
circumference,  for  example,  will  be  a  greater  part 
of  the  radius^  which  is  then  the  verfed  fine,  than 
the  mean  lever  of  any  other  arches  lefs  than  180, 
compared  in  like  manner  to  its  verfed  fine. 

The  greater  an  arch  is,  the  greater  it  is  in  pro¬ 
portion  to  its  cord,  which  appears  manifeflly  in 
this,  that  an  infinitely  fmall  arch  is  equal  to  its 
cord  ;  and  that  therefore  the  arch  of  600,  which 
has  the  fern i -diameter  for  a  cord,  is  not  fo  great 
in  proportion  to  this  femi-diameter,  as  the  arch  of 
1 80;  or  the  femi- circumference,  in  proportion  to 
the  diameter ;  for  thefe  two  terms  are  fufficient  to 
eftablifh  the  fpecies  of  the  progreffion.  Therefore 
the  greater  an  arch  is  in  proportion  to  its  cord,  by 
fo  much  is  the  mean  lever  of  an  arch,  a  greater 
part  of  its  verfed  fine. 

The  greater  part  of  its  verfed  fine,  the  mean 
lever  of  an  arch  is,  the  more  does  the  centre  of 
gravity  ol  the  arch  approach  to  the  centre  of  the 
circle,  or  which  is  the  lame  thin?,  the  more  docs 
the  diftance  of  thefe  two  centres  difninifh  ;  and  it 

is 
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is  the  fmaller  in  proportion  to  the  radius.  There¬ 
fore  the  greater  an  arch  is  in  proportion  to  its 
cord^  the  greater  is  the  radius  in  proportion  to  the 
diftance  from  the  centre  of  the  circle,  to  the  cen¬ 
tre  of  gravity  of  this  arch ;  and  it  is  this  exadt 
proportion  which  is  determined  by  geometry.  We 
fee  by  this,  that  the  diftance  of  the  centres  of  gra¬ 
vity  of  the  arches,  trom  the  centre  of  the  circle, 
varies  according  to  the  proportion  of  the  arches 
to  the  cords  which  is  continually  unequal. 

It  is  eafy  to  imagine  what  is  the  centre  of  gra¬ 
vity  of  a  circular  fector.  We  may  conceive  them 
divided  into  circular  zones,  which  will  a6b  with 
relation  to  the  centre  of  the  circle,  by  greater 
or  lefs  levers,  according  as  they  ihall  be  more  or , 
lefs  diftant  from  this  centre.  They  will  have  a 
mean  lever,  of  which  the  extremity  that  fhall  be 
within  the  circle,  will  be  the  centre  of  gravity  of 
the  lector.  It  is  demonftrated,  that  after  we  lliall 
have  determined  the  centre  of  gravity  of  the  arch 
of  this  feclor,  if  we  take  f  of  the  diftance  from 
the  centre  of  the  circle  to  this  centre,  it  is  there 
that  the  centre  of  gravity  of  the  circular  fedfor  is. 

Since  the  centre  of  gravity  of  a  fedlor  depends 
upon  that  of  the  arch,  the  lame  confequences  re¬ 
cur,  the  greater  a  febfor  fhall  be,  the  more  will 
its  centre  of  gravity  approach  to  the  centre  of  the 
circle  *,  and  that  in  the  fame  proportion,  accord¬ 
ing  to  which,  a  greater  arch  exceeds  its  cord. 
Therefore  if  a^power  acft  upon  a  fedor  which  has 
the  centre  of  the  circle  for  a  fixed  and  immovable 
point,  and  if  the  whole  a(ftion  re-unices  in  the 
centre  of  gravity  of  this  fedor,  the  power  will  ad 
by  a  lever,  as  much  fhorter  as  the  fedor  ftiall  be 
greater ;  the  fame  muft  be  laid  of  elliptical 
fedors,  as  of  circular,  fince  their  centre  of  gra¬ 
vity  is  the  fame. 

O  2 
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To  calculate  the  force  of  the  wind  upon  one  fail 
of  a  mill,  which  fhould  be  an  elliptic  fedlor,  M. 
Parent  has  therefore  been  obliged  to  determine 
what  this  fedlor  is,  becaufe  of  the  variation  of  the 
centres  of  gravity  ;  or  which  is  the  fame  thing, 
of  the  levers  of  the  wind.  He  at  firft  took  a 
fedtor  which  was  ^  of  the  ellipfis  *,  and  confe- 
quently  has  allowed  to  the  mill  4  fails,  which 
would  receive  all  the  wind,  and  not  loofe  any  of 
it,  as  the  common  fails  do.  Thefe  4  large  fur- 
faces  multiplied  by  the  lever  of  the  wind  upon 
one  of  them,  exprels  the  whole  force  of  the  wind 
to  make  ihs  machine  move,  or  the  force  of  the 
machine  put  in  motion. 

The  fame  manner  of  reafoning  applied  to  a  com¬ 
mon  wind- mill,  the  fails  of  which  are  rectangu¬ 
lar,  and  the  height  about  5  times  greater  than 
their  breadth,  fhews  that  the  elliptic  mill  has  al- 
moft  7  times  more  power,  which  is  a  prodigious 
advantage,  and  certainly  deferves  to  have  the  com¬ 
mon  practice  entirely  changed  for  it,  were  it  but 
eafy  to  change  fo  common  a  praCtice.  One  would 
not  have  expeCted  that  the  theory  could  have 
difeovered  fo  great  an  error  in  an  eftablifhed 
cuflom  •,  but  it  is  true  that  elliptical  fails  would 
not  eafily  at  prefent  themfclves  to  the  mind  of  the 
firit  in  venters. 

A  mill  with  6  elliptic  fails  would  (till  he  better 
for  the  power,  than  one  with  4.  it  would  have 
only  the  fame  furface,  fince  thefe  6  fails  would 
contain  the  whole  fpace  of  the  ellipfis^  as  well  as 
the  4  of  the  other,  but  its  force  w'ould  be  greater 
almofl  in  the  ratio  of  245,  to  231.  I'he  reafon 
of  this  augmentadon  is  vifible.  A  feCtor  that  is 
\  of  a  circle,  is  lefs  than  that  which  is  and 
confequenrly  the  wind  acts  upon  the  firfl  by  a 
longer  lever. 
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As  the  difference  of  245,  10231,  is  trifling  ; 
and  as  befides  the  wind  might  be  hindered  in  fix 
fails,  and  be  reflecfted  from  one  to  the  other, 
in  fuch  a  manner  as  would  trouble  their  mo¬ 
tion,  I  believe  we  had  better  keep  to  the  mill  with 
4  elliptical  fails. 

If  we  would  have  it  with  two,  each  of  which 
fhould  be  a  feini-ellipfis^  we  fhould  find  the  fame 
furface  alfo  but  the  force  would  bediminifhed  al- 
mofl  f  with  relation  to  the  mill  with  6^  fails,  be- 
caufe  the  greatnefs  of  the  fedlors  would  very  much 
iliorten  the  lever  of  the  wind. 

Elliptical  fails  to  a  mill  would  be  fomething  fb 
new,  that  the  common  ufe  of  them  would  hardly 
be  adopted.  Thus  M.  Parent  thought  he  ought 
to  fearch  for  the  mofl  advantageous  re<5langular 
ones,  that  is,  thofe  where  the  produdt  of  their 
furface,  by  the  lever  of  the  wind,  would  be  the 
greateft.  Every  body  knows,  that  the  centre  of 
gravity  of  a  redlangle  is  its  middle  point,  and 
confequently  the  lever  of  the  wind  is  the  diftance, 
of  this  point  from  the  centre  of  the  axis. 

M.  Parent  infcribes  in  the  elliptical  fail  of  a 
mill  with  4  fails,  a  redtangle  of  which  he  does  not 
determine  the  dimenfions,  and  which  confequently 
reprefents  all  that  can  be  infcribed  there,  after 
which,  the  geometrical  rules  de  maximis  ^ 
rnis^  determine  this  redtangle  to  be  the  mofl  ad¬ 
vantageous  of  all.  That  which  comes  by  this 
means,  is  yet  very  different  from  the  common  ufe. 
The  breadth  of  the  redtangular  fail  mufl:  be  al- 
moft  double  its  height  or  length;  whereas  the 
height  is  commonly  almoft  5  times  greater  than 
the  breadth.  We  fee  alfo,  that  fince  we  call  height, 
or  length,  the  dimenfion  that  is  taken  from  the 
centre  of  the  axis.,  the  greatefl  dimenfion  of  the 
new  reftangular  fail,  will  be  turned  on  the  fide 
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of  this  axis^  quite  contrary  to  the  pofition  of  the 
old  fails.  They  have  been  miftaken  in  all  this 
to  a  ft  range  excefs. 

The  force  of  a  mill  with  4  elliptic  fails,  would 
V  be  to  that  of  a  mill  with  4  new  rectangular  fails, 
pretty  near,  as  23  to  13,  which  always  prefervcs 
a  great  advantage  to  the  elliptic  mills. 

If  we  compare  together  mills  with  two,  with 
four,  and  with  fix,  new  redangular  fails,  and  the 
moft  advantageous  that  can  be,  fuppofing  this 
number  of  fails,  and  always  infcribeci  in  the  cor- 
refponding  elliptic  fcctors,  we  fee  that  thofe 
which  have  feweft  fails,  have  moft  furface,  and 
leaft  force.  The  force  diminifhes  becaufe  the* 
height  which  increafes  brings  the  rectangles  nearer 
to  the  centre  of  the  axis,  and  conl^iiently  alfo 
their  centres  of  gravity,  and  fhortens  the  lever 
of  the  wind,  according  to  a  greater  proportion 
than  the  furface  increafes.  The  force  of  the  mill 
with  6  fails,  is  to  that  of  the  mill  with  4,  much 
as  14  to  13,  which  perhaps  ought  not  to  hinder 
the  mill  with  4,  from  being  prefered,  becaufe  of 
its  greater  fimplicity.  Its  force  with  relation  to 
that  of  the  mill  with  2  fails  is  almoft  as  13  to  9. 

After  this  it  is  eafy  to  calculate  the  force  of  the 
common  mill,  where  we  mult  fuppofe  the  height 
of  the  fail  always  much  greater  than  the  breadth. 
But  in  this  fuppcfition,  whatfoever  proportion  the 
breadth  has  to  the  height,  let  it  be  f ,  -5,  or  y,we  find 
always  the  force  of  the  mill  much  i'maller  than  if 
it  had  the  new  rectangular  fails,  and  much  more 
if  they  had  elliptical  ones.  And  alio  the  force  of 
the  common  mill  continues  to  diminifh,  juft  as  its 
fails  are  fmaller  in  proportion  to  its  height,  fo 
that  the  weakeft  ot  all  thofe  v/e  have  marked,  is 
that  where  this  breadth  is  f  of  the  height,  and 

yet 
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yet  this  is  the  mod  ufed  ;  fo  obftinate  does  the 
common  pra6lice  feem  in  being  miftaken. 

The  qfefulnefs  of  all  this  theory  of  M.  Parent^ 
is  eafily  perceived.  A  ftronger  mill  will  turn 
fader,  and  with  a  lefs  wind,  and  will  difpatch 
more  work.  In  a  low  place,  and  where  for  want 
of  wind  it  would  be  ufelefs  to  condrud  an  old 
mill  which  would  be  too  weak,  they  may  con- 
drud  a  new  one.  We  diall  have,  if  we  pleafe,  a 
mill  of  a  lefs  height  of  fail,  which,  neverthelefs  will 
be  equal  in  force  to  an  old  one  ;  and  we  fhall 
know  exadly  how  much  we  diall  lower  its  fail ; 
preferving  this  equality.  .  When  we  diall  know 
the  effed  that  is  required  to  the  mill,  that  is  the 
force  that  we  would  give  it,  in  pounds,  it  will 
be  eafy  to  find  by  calculation  the  number  of  fails, 
their  figure,  proportion,  and  even  the  varieties, 
and  different  combinations,  that  thefe  things  may 
have  always  the  fame  effed.  The  trouble  of 
difeovering  the  true  principle  is  always  rewarded 
by  a  great  number  of  eafy  confequences. 

XI.  On  the  ?nanner  in  which  fever al  forts 
of  Jhell-ffes  fajien  the?nj elves  to  certain 
bodies . 

In  treating  of  the  progreffive  motion  of  feveral 
kind  of  dielhfidi,  in  the  hidory  of  1710*,  we 
have  fpoken  of  the  almod  perpetual  immobility  of 
fome  of  them  ;  for  we  cannot  treat  of  their  pro- 
greffive  motion  without  faying  that  the  greated 
part  of  them  have  hardly  any  *,  and  in  this  refped 
partake  more  of  plants,  than  of  animals.  There 
are  even  fome  which  abfolutely  never  dir  from  the 
place  where  (if  I  may  ufe  the  expreffion)  they 

•  VoL  III.  page  3ZI  of  this  abridgment. 
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have  taken  root.  We  are  at  prefent  going  to  ex¬ 
plain  their  immobility  according  to  M.  de  Reau¬ 
mur^  the  author  of  all  thefe  obfervations. 

T\\t  patella,  or  limpet*,  fixes  itfelf  by  a  very 
flat  bafe  to  ftones,  and  even  very  fmooth  ones; 
and  is  faftened  there  fo  ftrongly,  that  being  put 
in  a  fituation  where  this  bafe  and  the  ftone  were 
vertical,  it  required  a  v/eight  of  28  or  3olb.  to 
make  it  let  go,  ^V^e  muft  obferve  that  this  bafe, 
which  is  elliptical,  has  but  one  inch  in  its  greateft 
diameter.  From  whence  can  this  great  flrength 
proceed?  it  is  not  very  probable,  feeing  the 
fmoothnefs  of  the  two  bodies,  that  the  bafe  of  the 
limpet,  how  mufcular  foever,  fhould  be  fufficiently 
inferred  into  the  imperceptible  inequalities  of  the 
ftone  *,  and  indeed  this  infertion  would  not  have 
any  great  efFcdf  in  the  vertical  fituation.  Befides, 
M.  de  Reaumur  is  aflured  by  decifive  experiments, 
that  this  fhell-fifii  fallens  itfelf  fo  ftrongly  to  the 
ftone,  by  the  means  of  a  glue  which  proceeds  from 
it ;  and  that  the  adlion  of  the  mufcles  of  its  bafe, 
which  we  might  add  thereto,  has  no  fhare  in  it. 

This  glue  is  yet  more  remarkable  in  the  fea- 
nettles^'^which  are  not  lefs  clofely  fixed  to  the 
ftones.  Thefe  animals  are  neither  covered  with 
fcales  nor  fhells,  and  their  fkin  is  not  a  membrane, 
or  texture  of  folid  fibres ;  it  is  only  a  covering  of 
glew,  which  diftblves  very  foon  in  fpirit  of  wine, 
whilft  the  reft  of  the  body  of  the  animal  remains 
entire,  and  without  alteration. 

The  1520  legs  of  the  ftar-fifh*  do  not  feem 
to  be  given  it  fo  much  for  walking,  as  for  not 
walking.  They  are  very  fofr,  and  ferve  it  to  flick 
to  the  neighbouring  bodies,  in  fuch  a  manner,  that 

*  Vol.  III.  page  321  of  this  abridgment. 
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if  one  had  a  mind  to  difengage  it  from  them,  we 
^ould  only  break  them. 

The  fea^mufcles  have  a  much  more  fingular 
manner  of  faHening  themfelves.  They  throw  out 
fome  threads  of  the  bignefs  of  a  thick  hair,  at 
mod  about  3  inches  long,  and  xbmetimes  to  the 
number  of  1 50,  with  which  they  icize  all  that 
furrounds  them,  and  generally  the  fliells  of  other 
mufcles.  They  are  thrown  on  ail  fidcs ;  and  they 
hold  by  them,  as  by  cords  of  different  direftions. 
M.  de  Reaumur  has  not  only  feen  that  they  fpin 
them,  and  that  when  they  have  been  cut  off,  that 
they  have  fpun  others ;  but  he  has  difcovered  t})e 
curious  particulars  of  the  mechanifm  that  they 
make  ufe  of. 

Th^pinn^  marina^  another  fort  of  fhell-fifli,  fix 
themfelves  alfo  in  another  fituation,  by  threads 
much  finer  than  thofe  of  the  mufcles,  but  in  a 
much  greater  number  •,  there  are  fine  works  made 
of  them,  whereas  thofe  of  the  mufcle  are  good  for 
nothing.  There  are  nopinnce  marina  on  the  coafts 
of  PoiBou^  where  M.  de  Reaumur  has  obferved  ; 
but  it  is  a  ftrong  prefumption  that  they  fpin  alfo. 
Thefe  will  be  the  filk  worms  of  the  fea,  and  the 
mufcles  will  be  the  caterpillars. 

Laftly,  the  worms  which  are  commonly  called 
worm-fhells,  becaufe  being  otherwife  pretty  like 
the  earth-worms,  they  are  inclofed  in  a. round 
.tube,  of  the  fubftaneeof  a  fhell,  make  themfelves 
a  habitation  which  they  never  quit,  by  fixing 
their  tube  on  a  ftone,  or  hard  fand,  or  fome  other 
fliells.  This  tube  exadly  follows  the  circumvo¬ 
lutions  of  the  furface  where  it  is  glued,  rifes,  or 
finks  with  it,  It  winds  alfo  without  being 

obliged  to  it  by  this  fiu  face  ;  and  becaufe  it  feems 
to  have  followed  the  natural  motion  of  the  worm. 
All  this  explains  itfelf  in  M.  de  ReaumuP^  fyftetn, 
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who  pretends  that  this  tube,  as  well  as  the  Ihells  of 
the  fnails,  is  formed  of  a  glutinous  matter  which 
comes  out  of  the  body  of  this  little  animal. 

Another  fort  of fea- worms,  which  probably  tran- 
fpire  lefs  of  this  matter,  make  their  tube  only  of 
grains  of  fmall  fand,  and  little  fragments  of  other 
fhells  which  they  unite  together  by  their  glue  ; 
and  this  little  building  of  pieces  brought  together, 
is  however  neatly  enough  made. 

It  is  by  means  of  this  very  glue,  that  the  oyfters 
flick  themfelves  to  the  rocks,  or  to  one  another ; 
and  laftly,  this  is  the  univerfal  cement  which  na¬ 
ture  ufes  whenever  flie  has  a  mind  to  build  in  the 
fea,  or  to  fecure  any  thing  there  againft  the  per¬ 
petual  and  violent  motion  of  the  waters.  The 
moft  fimple  means  properly  employed  are  the 
moft  efficacious. 

An  explanation  of  the  figures. 

Plate  II.  fig.  I.  reprefents  a  patella.,  called  in 
Eftglijhy  a  limpet.,  flit  her,  or  papjhell,  faftened  to 
a  ftone.  It  fhews  only  the  ffiell  which  covers  it. 
Th«  letters  BBB  mark  the  circumference  of  the 
bafe  of  this  ffiell  S  is  its  vertex.  There  are  dif¬ 
ferent  flutings  which  go  from  the  vertex  S  to  the 
bafe. 

Fig.  2.  is  a  limpet  detached  from  the  ftone,  and 
put  into  a  reverfed  pofition  T ;  is  the  head  of  the 
animal ;  CC  are  two  horns  placed  near  the  head  ; 
P  is  the  fleffiy  bafe  of  the  animal.  It  is  this  bafe 
P  that  is  applied  to  the  ftones,  and  flicks  to  them. 
Its  furface  feems  rugged,  and  as  it  were  ffiagreen- 
ed.  All  thefe  inequalities  are  formed  by  an  infi- 
mite  number  of  different  little  veficles. 

Fig.  3.  is  a  fea-mufcle  reprefented  open.  The 
mufcleMM, which  ferves  to  ffiut  the  ffiell,  has  been 
cut.  ’  ’  • 
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.  AB  is  a  part  of  the  mufcle  which  rofembles  the 
tongue  of  an  animal.  It  is  the  inftrument  that 
moulds  the  threads  formed  by  the  animal.  A  is 
the  origin,  bafe,  or  root  of  this  inftrument.  B  is 
its  point,  or  extremity. 

AI  is  a  Itreak,  or  rather  cleft,  of  which  the 
two  edges  are  applied  to  each  other,  and  it  forms 
a  canal  on  the  infide.  This  cleft  divides  the  fpin-^ 
ing  inftrument  into  two  equal  parts.  From  A  to 
I  we  muft  obferve  fome  circular,  or  rath.er  tranf- 
verfe  fibres  :  they  ceafe  in  I. 

AF  is  a  part  of  the  bundle  of  threads  which 
ferve  to  faften  the  mufcle  *,  thefe  threads  have^ 
been  cut  at  F,  that  the  figure  might  be  lefs  con- 
fufed  ;  and.  alfo  to  ftiew  how  fhort  they  were,  when 
we  had  cut  them  with  a  pair  of  fcilfars,  introduced 
into  the  ftiell  on  account  of  this  figure  3  ; '  we 
fhall  obferve,  that  the  mouth  of  the  mufcle  is  at  C ; 
it  is  formed  of  two  pretty  thin  membranes,  which 
feem  to  be  applied  to  each  other.  We  do  not  fee 
this  mouth  open,  unlefs  we  take  care  to  open  it : 
its  breadth  is  HH.  This  mouth  is  a  fort  of  fun¬ 
nel,  very  much  flatted,  and  terminates  in  a  du61:, 
which  reaches  quite  to  the  anus.  It  is  nourifhed 
in  all  probability  only  by  the  water  and  earth  5 
its  excrements  are  of  the  colour  of  the  mud. 

Fig.  4.  is  a  mufcle,  which  having  prolonged 
its  fpinning  inftrument,  marked  at  prefent  LI, 
feels  about  to  find  the  ground  before  it  fixes  itfelf. 
This  inftrument  appears  under  a  very  different 
form  from  that  which  it  has  in  the  inaeftion,  as 
may  be  fecn  at  AB,  fig.  3. 

VVV  are  tuhidi  vermicular es.^  or  voorm-jhells^ 
dluck  upon  the  fhell  of  a  mufcle.  Thefe  worms 
grow  indifferently  upon  all  forts  of  bodies, ^  as 
ftones,  fand,  and  other  forts  of  fliell. 
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Fi^  5.  is  compofed  of  i.  a  mufclc  G,  which 
is  faiScned  to  a  ftonc  by  different  threads,  DDD, 
£ifr.  The  bafe  DD  of  thefe  threads,  is  three  or 
four  times  more  in  diameter,  than  the  reft  of  th6 
thread.  We  fee  at  G  a  little  end  of  the  tendon,  or 
big  thread,  to  which  all  the  flendereft  threads  are 
faftened.  2.  In^^.  5.  there  is  a  mufcle  N,  which 
after  having  darted  the  2  threads  NQ,  N  Q,  adtu- 
ally'darts  a  third  NT.  T  is  the  place  where  the 
end  -of  this  thread  ought  to  be  ftuck.  We  may 
obferve,  that  the  fpinning  inftrument  is  thicker 
there  than  towards  the  point ;  and  that  it  forms  a 
fort  of ‘heel. 

Fig.  6.  is  the  half  of  a  mufcle,  where  the  fpin- 
ning  inftrument  is  however  left  entire.  We  fee 
there  two  of  the  four  mufcular  ligaments,  which 
hold  it.  RS  is  one  of  thofe  which  fatten  it  toward 
the  vertex  at  S.  ZX  is  one  of  thofe  which  fatten 
it  toward  the  bafe  at  Z. 

Fig.  7.  is  a  fpinning  inftrument  detached.  KP 
is  the  cleft,  or  canal,  in  which  the  liquor  which 
becomes  thread,  pafies.  I'his  canal  ceafes  at  P, 
the  part  PO,  where  it  does  not  reach,  is  thinner 
than  the  reft  of  the  bafe.  At  the  root  K  of  the 
fpinning  inftrument  there  appears  a  hole  K,  which 
is  the  refervoir,  wherein  the  liquor  is  gathered  that 
rifes  in  the  fpinning  inftrument,  in  the  fame  hole 
K  is  lodged  one  ol  the  ends  of  the  tendon,  or  big 
thread  of  jig.  9.  to  which  all  the  flender  threads 
are  faftened. 

Fig.  8.  is  the  fpinning  inftrument  feen  behind. 
There  are  two  pieces  of  mufcular  ligaments  MM, 
which  ferve  to  faften  it.  Thefe  pieces  are  parts  of 
the  ligaments,  fuch  as  the  ligament  marked  ZR, 

fg.e. 


Fig. 
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Fig.  9.  AB  is  the  tendon,  or  big  thread,  to 
whrch  all  the  reft  are  faftened,  as  the  figure  re- 
prefents.  In  feveral  mufcles  it  is  much  fhorter 
than  it  appears  here  ;  but  there  are  feme  where  it 
is  bigger.  Its  extremity  A  is  faftened  in  the 
hole  K  of  fig.  7.  or  as  it  is  feen  at  A,/^.  3.  All 
the  threads,  which  the  mufcles  have  formed  with 
me,  were  faftened  near  A,  which  inclines  me  to 
believe  that  this  tendon,  or  big  thread,  grows  like 
our  hairs ;  and  that  the  flender  threads,  which  at 
lirft  were  faftened  at  A,  are  faftened  at  B  by  the 
crofting  of  big  threads. 

Fig.  10.  is  a  mufcle  reprefented  in  the  ftate  in 
which  it  is  when  it  refpires  the  water.  CD  is  the 
aperture  by  which  it  refpires.  The  canal  by 
which  it  throws  out  its  excrements,  opens  into  the 
fame  aperture  CD.  The  outlet  of  this  canal,  or 
the  anus  of  the  mufcle,  is  at  C  :  the  excrements, 
which  come  out  of  it,  feem  to  be  meet  earth,  a 
fort  of  mud.  They  have  a  fluting  thro*  their 
whole  length ;  I  mean  that  they  are  made  as  a  por¬ 
tion  of  a  hollow  tube.  Thence  it  is  evident,  that 
the  canal  by  which  they  are  difeharged,  or  at  leaft 
the  aperture  thro*  which  they  pals,  is  not  round  as 
in  other  animals.  RH  is  the  place,  or  fpring, 
which  ferves  to  open  the  ftiell.  EE  are  an  infi¬ 
nite  number  of  little  fleftiy  parts  very  prettily  cut, 
refembling  little  cocks- combs.  The  animal  Ihews 
only  when  it  refpires  the  water,  they  are  feen  alfo 
at  EE.  Fig.  5.  the  refpiration  is  not  flopped 
while  it  darts  the  thread. 

Fig.  1 1 .  is  one  of  the  pieces  of  which  the  fhell 
of  a  mufcle  is  compofed  ;  we  may  obferve  a  little 
band  which  covers  the  inner  edge  of  the'lhell. 
This  band  is  of  a  homey  kind  of  fubftance,  and  'is 
faftened  in  its  natural  ftate.  to  the  circumference  ot 
the  body  of  the  animal. 
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Fig.  12.  is  zpegiunculus^  or  cook-fi/hj 
to  a  ftone  by  different  threads  FFF,  the  vertex  of 
the  (hell  is  at  S ;  on  both  fides  of  S,  is  the  fpring 
which  ferves  to  open  the  fhell ;  for  this  Ihell  is 
bivalve,  like  that  of  the  rr.uJcle.  There  appear 
feveral  flutings,  which  go  from  the  vertex  S,  to 
the  bafe  BB.  In  different  parts  the  fhell  is  ftuck 
with  points  •,  fo  is  that  point  of  the  fhell  which  is 
called  the  ear. 

Fig-  13-  is  a  cook-fifh  reprefented  open.  The 
thick  mufcle  MM,  which  ferves  to  fhut  it,  has 
been  cut.  L  marks  the  vertex  of  the  fhell,  and 
the  middle  of  the  fpring  which  tends  to  open  the 
fhell.  T  and  R  are  two  appendages,  which  be¬ 
ing  placed  one  above  the  other,  form  the  ear. 
The  appendage  T  is  narrower  than  the  appendage 
R,  fo  that  the  firft  does  not  entirely  cover  tlie  fe- 
cond.  They  do  not  apply  themfelves  fo  exadly 
to  one  another,  as  not  to  leave  a  little  opening 
by  which  a  part  of  the  threads  came  out,  which 
arefeenin/^.  12.  HG  is  the  fpinning  inftru- 
ment  of  the  cook-fifh ;  GP  is  the  bundle  of  threads : 
thefe  threads  have  been  cut  fhort  at  P,  for  fear  of 
rendering  the  figure  confufed.  They  are  all 
faftened  to  a  common  tendon  at  P,  which  is 
fattened  to  the  origin  of  the  fpinning  inttru- 
ment. 

Fig,  14.  is  a  cook-fifli  reprefented  in  fuch  a 
potture  as  to  fhew  the  canal  VX,  thro’  which  the 
excrements  of  the  animal  pafs.  X  is  the  aperture 
of  this  canal,  or  the  anus  of  the  cook-fitti. 

Fig.  15.  is  a  heap  of  fand,  in  which  a  great 
number  of  worm^fhells  were  lodged.  On  the  up¬ 
per  furface  of  this  heap  of  fand  is  the  out- let  of 
all  their  tubes  *,  and  on  one  of  the  fides,  as  at  BC, 
may  be  dittinguifhed,  the  length,  roundnefs,  and 
curvature  of  thefe  tubes.  . 
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Fig.  1 6.  is  one  of  the  fand  worm-fliells,  repre- 
fented  almoft  in  its  natural  bignefs. 

Fig,  17.  is  the  fame  worm  feen  with  the  micro- 
fcope.  The  extremity  of  the  head  is  the  flat  fur- 
face  feen  at  T.  This  extremity,  the  circumference 
of  which  is  round,  is  Ibmetimes  made  like  a  horfe- 
flioe,  when  the  animal  opens  in  O.  NNN  are 
the  fins  of  the  worm.  HH,  II,  EE,  are  three 
rows  of  little  flefhy  hooks.  Q_is  the  tail  of  the 
worm. 

XII.  On  a  new  purple, 

( 

.  There  are  not  only  more  things  found  in  thefe 
laft  ages  than  there  have  been  old  ones  loft,  but 
there  can  hardly  be  any  thing  loft  that  we  are  not 
contented  fhould  be  fo.  For  in  fliort  we  need  only 
learch  in  the  boft)m  of  nature,  where  nothing  is 
annihilated  ;  and  it  is  alfo  a  great  ftep  toward  re¬ 
covering  it  to  be  fure  that  it  may  be  found.  The 
purple  colour,  formerly  fo  much  in  efteem,  that 
it  made  among  the  Romans  one  of  the  principal 
marks  of  dignity,  either  has  not  been  abfolutely 
loft,  as  fome  think,  or  at  leaft  has  been  recovered 
within  thefe  30  years,  by  the  royal  fociety  of 
England,  '  One  of  the  fliell-fiflies  which  fur- 
nifhes  it,  and  is  a  fpecies  of  huccinum^  or  wbelk^ 
is  common  on  the  coafts  of  that  country. 

Another  buccinum  which  alfo  gives  the  purple 
tindlure,  and  which  probably  is  one  of  thofe  which 
has  defer ibed,  as  having  that  ufe,  is  found 
upon  the  coafts  of  Poibiou^  and  M.  de  Reaumur 
having  a  mind  to  ftudy  it  particularly,  difeovered 
another  purple  which  he  did  not  feek  for,  and 
which  in  all  probability  was  unknown  to  the  an¬ 
cients,  though  of  the  fame  fpecies  with  theirs. 


The 


112  T^'heUnroKY  andM^MOlK^of  the 

The  buccinums  of  Poibiou  which  yield  the  pur¬ 
ple,  are  commonly  found  gathered  about  certain 
Hones,  or  fand,  covered  with  oval  grains,,  about 
3  lines  long,  and  a  little  more  than  a  line  thick, 
full  of  a  white  liquor,  a  little  yellow,  pretty  much 
like  that  which  is  drawn  from  the  buccinums  them- 
I'elves,  and  which  after  fome  alterations,  acquires 
the  purple  colour.  By  M.  de  Reaumups  experi¬ 
ments  it  is  not  likely  that  thefe  grains  are  the  eggs 
of  the  buccinum^  nor  are  they  the  feeds  of  any  fea- 
plants ;  they  mu  ft  therefore  be  the  eggs  of  fome 
fifh.  They  do  not  begin  to  appear  till  autumn. 

Thefe  grains  crufhed  upon  a  white  cloth,  at  firft 
only  make  an  almoft  imperceptible  yellow,  but 
fti  3  or  4  minutes  they  give  it  a  very  fine  purple 
red,  provided  that  this  cloth  be  expofed  to  the 
open  air  :  for  what  is  vefy  remarkable,  and  which 
fiiews  of  what  extreme  delicacy  the  generation  of 
this  colour  is,  the  air  of  a  room,  even  though  the 
■windows  fliould  be  open,  would  not  be  fufiicient. 
The  tinefture  of  thefe  grains  fades  a  little  by  a  great 
many  wafliings. 

M.  de  Reaumur  has  difeoved  by  fome  experi¬ 
ments,  that  the  effetft  of  the  air  upon  the  liquor  of 
the  grains,  confifts  not  in  its  carrying  off  Ibme  of 
its  particles,  nor  in  giving  it  new  ones;  but  meer- 
]y  in  agitating  it,  and  changing  the  order  of  the 
parts  which  compofe  it-  We  have  in  the  cochineal 
a  very  fine  red  colour,  but  good  only  for  wool ;  and 
is  of  no  ufe,  either  for  filk,  or  linnen.  The  car- 
thamus^  or  faff' flower ^  gives  a  fine  fcarlet  and 
crimlbn,  but  it  is  only  to  filk.  We  may  find  in  cul¬ 
tivating  the  grains  of  M.  de  Reaumur^  the  fine 
red  that  we  want  for  linnen,  which  perhaps  will 
furpafs  the  red  of  the  Indian  linnen  which  is  not 
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furpafs  the  red  of  the  Indim  linnen  which  is  noc 
fine. 

M.  de  Reaumur  has  not  failed  to  compare  his 
new  purple  with  that  which  is  drawn  from  thefe 
buccinums  of  PoibiGU,  The  huccinums  have  at  their 
collar,  for  we  may  allow  them  to  have  one  as 
well  as  the  fnaiis,  a  little  refervoir,  called  im¬ 
properly  by  the  antients,  a  vein,  which  only  con¬ 
tains  one  great  drop  of  yellowilh  liquor ;  the  lin¬ 
nen  that  is  dyed  with  it  being  expofed  to  a  mode¬ 
rate  heat  of  the  fun,  acquires ,  at  hrft  a  greenilli 
colour,  afterward  a  lemon  colour,  a  brighter 
green,  then  a  little  deeper,  from  that  a  violet, 
and  at  laft  a  fine  purple.  This  is  done  in  a 
few  hours ;  but  if  the  heat  of  the  fun  be  very 
ft rong,  the  firft  changes  are  not  perceived,  and  the 
fine  purple  appears  all  at  once.  A  great  fire  pro¬ 
duces  the  fame  effe6t,  only  a  little  flower,  and 
does  not  produce  fo  perfeift  a  colour.  Without 
doubt  the  heat  of  the  fun  being  much  more  fubtle 
than  that  of  a  wood  fire,  is  moft  proper  to  agitate 
the  fineft  particles  of  the  liquor.  The  open  air 
adls  alfo,  tho’ lefs  quick,  upon  the  liquor  of  the 
buccinums  *,  efpecially  if  it  is  diluted  with  a  gcod 
deal  of  water  *,  from  whence  M.  de  Reaumur  con-s 
jed:ures,  with  great  probability,  that  the  liquor 
of  the  huccinums^  and  that  of  the  grains,  are  al- 
moft  of  the  fame  nature,  except  that  this  of  the 
grains  is  more  aqueous.  They  differ  alfo  in 
tafte  *,  that  of  the  grains  is  fait,  and  that  of  the 
buccinum  extremely  hot,  and  biting,  perhaps  be- 
caufe  it  is  lefs  diluted  v>?ith  water. 

If  we  would  make  ufe  of  them  in  dying,  that  of 
the  grain  would  be  much  more  convenient,  and 
would' coft  lefs-*,  becaufe  it  is  very  eafy  to  draw 
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it  from  a  great  number  of  grains  bruifed  all  at 
once  whereas  to  have  that  of  the  buccinum^  we 
miuft  open  the  refervoir  of  each  particular  buccinum^ 
which  requires  a  great  deal  of  time  j  or  if  for 
expedition  we  bruife  the  fmalleft  of  thefe  fliell- 
fifh,  we  fhali  fpoil  the  colour  by  the  mixture  of 
different  matters  which  the  animal  furnifhes. 

We  might  find  perhaps  fome  chymical  liquors 
which  would  make  the  purple  colour  appear 
quicker,  or  more  conveniently,  than  the  fire,  or 
the  fun,  or  the  open  air ;  and  M.  de  Reuamur  has 
already  found  the  corofive  fublimate,  which  pro¬ 
duces  this  etfed:  on  the  liquor  of  the  buccinums  ; 
but  praiftice,  and  above  all,  a  pra6lice  which 
lliould  come  to  make  part  of  a  trade,  would  re¬ 
quire  a  great  many  other  obfervations,  and  quite 
new  intentions.  There  is  a  vaft  difference  between 
a  philofopher  who  aims  at  knowledge,  and  a  me¬ 
chanic  who  aims  at  profit. 

An  explanation  of  the  figures, 

Plate  III,  fig,  I .  reprefents  a  done  DHHFEED, 
in  which  is  leen  a  great  number  of  thofe  little 
grains  which  M.  de  Reaumur  calls  eggs  of  the 
purple,  fadened  as  to  an  arch  againd  one  of  the 
faces  of  this  done.  This  face  was  downward,  but 
it  did  not  touch  the  fand.  GGG,  iAc,  are  different 
places  where  thefe  eggs  of  the  purple  are  faden- 
ed.  The  eggs  of  the  purple  marked  EE,  are 
duck  upon  other  eggs,  as  the  other  eggs  are  duck 
upon  the  done. 

Fig,  2.  is  that  of  an  egg  of  a  purple  ;  p  is  its 
bafe,  the  extremity  of  its  pedicle  ;  it  is  this  extre¬ 
mity  that  is  duck  againd  the  done,  p  r  is  ks  pe- 
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dicle  ;  this  pedicle  p  r  fudains  a  little  bottle  r  b 
ftopped  at  b,  with  a  ftopple  b.  d  d  mark  the 
thicknefs  of  this  bottle. 

3.  is  alfo  an  egg  of  a  purple,  where 
the  fame  letters  mark  the  fame  parts  as  in  the 
preceding  figure' ;  but  b  fhews  the  ftopple  loofe  j 
o  the  aperture  of  the  bottle  in  which  the  ftopple 
was. 

F/^.  4.  is  a  large  reprefentation  of  an  egg  of 
a  purple.  The  letters  PRB  fhews  the  fame 
things  as  the  letters  prb  in  2  and  3.  The 
letters  III  fhew  the  manner  in  which  the  diffe¬ 
rent  drops  of  yellowifh  liquor  are  diftributed 
in  the  middle  of  the  clear  liquor.  As  the  fides 
of  the  egg  are  tranfparent  they  difcover  thefe , 
different  liquors. 

F/g,  5.  is  a  little  buccinum^  or  whelk ;  it  ftiews 
the  aperture  of  the  fhell ;  and  at  the  edge  of  this 
aperture  are  feveral  flutings  0000. 

Fig.  6.  is  a  whelk,  the  fhell  of  which  differs 
from  the  preceding  by  the  coloured  ftripes  RR. 

Fig.  7.  is  the  fame  whelk  as  fig.  5.  which 
fhews  its  head.  T  is  the  head,  at  the  fides  of 
which  are  2  horns  CC.  DDDD  mark  that 
part  of  the  fhell  which  covers  the  collar,  or 
upper  parr  of  the  back  of  the  animal.  This 
part  DDDD  of  the  fhell  muft  be  raifed  to 
perceive  the  little  veffel  wherein  the  purple  dye 
is  contained. 

Fig.  8.  is  the  fame  whelk  with  fig.  7.  with  a 
piece  of  the  fhell  DDDD  removed,  which 
fhews  its  collar  EEEE.  Upon  this  collar,  or 
if  you  pleafe,  on  the  back  of  the  animal,  appears 
the  little  veffel  v  v.  It  is  in  this  veffel  chat  the 
purple  dye  is  contained. 

Q  2  Fig. 
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Fig,  9.  is  that  of  the  whelk  from  which 
Columna  pretends  the  purple  dye  of  the  an¬ 
cients  was  taken.  This  whelk  ufualJy  fhews  3 
horns,  the  Jargeft  of  which  C  is  in  the  middle 
between  the  2  fmaller  cc.  The  fame  whelk 
may  be  feen  in  the  hiftory  of  1710,  with  the 
great  horn  C  in  a  different  pofition. 
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AB  R  I  D  G  M  E  N  T 

OF  THE 

Philosophical  Memoirs  of  the  Rov^al 
Academy  of  Sciences  at  Paris^  for 
the  Year  171 1. 

I.  Obfervations  on  the  height  of  the  water 
which  fell  at  the  obfervatory  during  the 
year  1710,  with  thofe  on  the  thermometer 
and  barometer^  by  M.  de  la  Hire*. 

These  are  the  obfervations  of  the  quantity 
of  water,  and  melted  fnow,  that  fell  at  the 
obfervatory  during  the  whole  year  of  1710,  which 
have  been  made  in  the.  fame  manner  with  thofe  of 
the  preceding  years.  In 


I^in, 

Lin. 

Jan. 

12  i 

July 

17  i 

Feb. 

3  f 

Aug. 

37  i 

March 

14  8 

Sept. 

15  4 

April 

17  4 

Ocl:. 

II  8 

May 

12 

Novem. 

21  8 

June 

9 

Dec. 

17 

The  fum  total  of  water  of  the  whole  year,  188 
lines  or  15  inches. 8  lines 

Thefe  obfervations  fhcw  us  that  the  year  1710 
has  been  one  of  the  driefl  that  we  have  had  a  great 
while,  in  comparifon  to  the  19  inches  of  water 
which  commonly  falls.  The  year  however  has 
been  very  fruitful  in  grain,  as  ir  always  happens  in 

♦  Jan,  9,  1711. 

thefe 
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thefe  countries,  becaufe  the  greatell  part  of  the 
grounds  are  cool  and  moift. 

There  fell  no  fnow  at  the  end  of  the  year,  but 
at  the  begining  of  it,  about  the  middle  Janu¬ 
ary^  it  fnowed  moderately ;  which  gave  me  the 
opportunity  of  making  the  following  experiments. 

The  loth  of  January  in  the  morning  I  covered 
the  ball  of  my  thermometer,  which  is  alwavs  ex- 
pofed  in  the  open  tower  of  the  obfervatory,  with  a 
very  great  quantity  of  fnow,  and  after  having 
left  it  there  full  3  hours,  I  did  not  obferve 
that  the  fpirit  of  wine  had  changed  its  height 
in  the  tube;  it  then  remained  at  27  parts, 
and  it  begins  to  freeze  in  the  country  when  it  is 
at  3  2,  by  which  we  fee  that  the  air  was  not  much 
colder,  that  in  the  beginning  of  the  frofl  ;  and 
altho’  the  thermometer  always  rifes  from  the  morn¬ 
ing  "till  noon,  and  afterwards  it  does  not  change 
its  height  for  3  hours,  becaufe.  the  degree  of  cold 
of  the  fnow  kept  it  always  in  the  fame  ftate, 
the  fmall  increafe  of  heat  of  the  air,  not  beino- 
capable  of  penetrating  in  fo  fhort  a  time,  the 
mafs  of  fnow  which  was  about  the  ball. 

But  the  air  being  extremely  cool  till  the  next 
day,  the  nth  of  this  month,  this  thermometer 
being  then  at  147  parts,  which  marked  a  great 
cold,  I  repeated  the  experiment  of  the  preceding 
day,  and  there  happened  the  fame  thing,  the  ther¬ 
mometer  remaining  at  the  fame  height,  in  the 
fnow  as  it  was  oiit  of  it ;  from  whence  1  conjec¬ 
ture  that  the  cold  of  the  fnow  is  not  a  cold  that  is 
proper  to  it,  but  that  ir  only  takes  the  degree  of 
cold  of  the  air  as  it  then  is,  becaufe  it  is  rare  e- 
nough  to  leave  the  air  at  liberty  to  infinuate  it- 
felf  by  degrees  into  all  its  parts  ;  thus  the  fnow 
will  contribute  nothing  to  the  cold,  except  the  pre- 

krving 
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fcrving  the  coldnefs  of  the  air  for  fome  time  in  the 
fame  ftate. 

There  was  not  any  thing  confiderable  to  remark 
upon  the  winds,  except  that  nth,  there 

was  a  fort  of  hurricane,  the  wind  being  at  S.  S.  W. 
’without  rain. , 

The  thermometer  marked  the  greateft  cold  of 
the  year,  January  the  nth,  being  fallen  to  14^ 
parts,  which  marks  a  great  cold;  but  the  12th 
it  rofe  again  to  27,  where  it  was  the  loth  and 
from  that  time  the  cold  was  moderate. 

As  for  the. heat,  it  was  alfo  moderate  during  the 
whole  fummer,  the  greateft  was  mark’d  by  the 
thermometer  at  61  parts  the  3d  o^AuguJi  at  fun-rife, 
and  at  2’’  J  P.  M.  the  thermometer  was  at  yi  4- 
parts;  thus  the  cold  was  greater  than  the  heat, 
in  proportion  to  the  mean  ftate,  where  it  is  at  48, 
but  it  lafted  only  one  day,  as  I  have  juft  related. 

My  common  barometer  which  is  always  placed 
at  the  top  of  the  hall  of  the  obfervatory,  was  at 
the  higheft  at  2  8''^'!ches  3  lines  January  the  3d. 
with  a  S.  W.  which  is  very  extraordinary,  for  it 
is  commonly  rather  low  than  high,  when  the  wind 
is  in  the  foutli.  It  was  at  the  loweft,  March  the 
7th,  at  26  inches,  10  lines -J,  alfo  with  a  fouth- 
wind,  and  rain.  The  difference  between  the  high¬ 
eft  and  the  loweft  was  therefore  i  inch,  4  lines  j  a 
little  lefs  than  ordinary,  which  is  f  inch  6  lines. 

I  alfo  obferved  that  in  the  whole  month  of  Feb¬ 
ruary  ^  when  k  rained  but  very  little,  the  baro¬ 
meter  was  very  high  as  it  commonly  is  ;  it  was  al¬ 
fo  the  fime  in  the  firft  half  of  the  month  of  Sep¬ 
tember, 

I  here  again  give  notice,  that  when  the  obfer- 
vations  are  made,  they  ffoiild  take  care  to  ftrikc 
a  little  again  ft  the  wooden  frame,  where  the  tube 
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is  fixed,  to  make  the  quickfilver  run  to  its  true 
height  *,  for  as  it  always  adheres  a  little  to  the 
in  fide  of  the  tube,  it  does  tot  move  freely,  and 
fometimes  there  is  found  "■  a  line  difference  be¬ 
tween  the  height  at  which  it  appears  to  be  at  firft, 
and  the  true  height  where  it  flops  at, .  efpecially  if 
the  tube  be  thin. 

December  30,  1  obferved  the  declination  of  the 
needle  of  8  inches  long,  in  placing  the  fide  of  the 
box  againfl  the  fame  flone  pillar  where  I  gene- 
ally  put  it,  and  I  found  it  lo^  50' towards  the 
weft. 

II.  A  CGfnp'nrifon  of  our  obfervafiom  on  the 
height  of  the  raiji-^vater^  and  on  the  ba^ 
rorneter ^  which  thofe  whichls/l.  Scheuchzer 
77iade  at  Zurick,  in  Swizzerland,  during 
the  year  1710,  by  ^1.  de  la  Hire^f-. 

M.  Scheuchzer  has  fent  us  this  year  his  obfervati- 
onsof  the  rain  water,  and  of  the  barometer  and  ther¬ 
mometer,  which  he  has  made  at  Zurich^  as  in  the 
year  1709.  He  found  the  height  of  water  only 
23  inches  -4-,  during  the  whole  year  1710, 
and  he  adds  that  it  islefs  than  thepreceeding  year, 
by  9  inches  2  lines -J,  and  yet  this  little  height  is 
greater  than  any  of  the  greateft  that  we  have 
obferved  at  Paris  fince  the  year  1699. 

I  have  related  in  the  memoir  of  the  preceding 
year,  my  conjectures  upon  what  may  caufe  this 
greater  height  of  water  in  the  mountains,  and 
therefore  I  fhall  fay  no  more  of  them  here.  We 
fliall  only  obferve  that  the  height  of  the  rain- 
w^rter  -11:  Paris  in  1710,  was  only  1 5' inches,  and 

t  Aug.  5.  1711. 
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almoft  9  lines,  which  is  much  lefs  than  ordinary, 
and  lefs  than  the  preceding  year  by  6  inches  *, 
which  agrees  in  fome  meafure  with  M.  Scheuchzpr*^ 
obfervations ;  and  fhews  that  at  Zurich^  and  at 
Paris^  the  year  has  been  dryer  than  ordinary. 

He  adds,  that  the  greated  height  of  his  baro¬ 
meter  was  Jan.  at  26  inches,  9  lines -J,  and 
the  lead  at  26  inches,  o  lines  Dec.  the  25  ;  the 
difference  is  therefore  9  lines 

I  found  my  barometer  alfo  at  the  highed  the 
3d  of  Jan.  at  28  inches,  3  lines  f  ;  therefore 
the  difference  of  the  height  of  the  quickfilver  the 
fame  day  at  Ztirick^  and  at  Paris^  was  i  inch, 
5  lines  dj,  or  17  lines  ;  from  whence  we  might 
conclude  pretty  near,  how  much  higher  Zurick 
is  than  Paris.,  if  our  barometers  agreed. 

The  lead  height  of  quickfilver  which  I  found, 
was  26  inches,  10  lines  ^ ^  therefore  the  diffe¬ 
rence  of  our  lead  heights  will  be  10  lines  f,  which 
is  very  different  from  the  preceding  ;  the  days 
were  alfo  very  different  *,  and  the  1 5th  of  Dec. 
which  was  the  day  of  the  obfervation  at  Zurich^ 
my  barometer  was  at  27  inches. 

As  for  the  heights  of  his  thermometer,  I  can¬ 
not  compare  them  with  mine,  for  they  mud  have 
been  redlified  by  one  another. 

III.  'Experiments  to  know  whether  the Jlrotgth 
of  cords  exceeds  the  fnm  of  the  forces  of  the 
threads  which  compofe  them^  by  M.  de 
Reaumur'^*. 

We  are  prejudiced  in  believing,  that  a  cord 
compqfed  of  different  threads  twided  together, 
has  a  force  which  furpaffes  the  fum  of  the  forces 

*  Feb.  21,  1 71 1. 
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of  all  the  threads  which  compofe  it.  I  mean 
that  if,  for  example,  we  make  a  cord  with  6 
threads,  each  of  which  will  bear  a  weight  of  5  lb. 
without  breaking,  it  is  generally  thought,  that 
that  the  cord  made  with  thefe  6  threads,  will  bear 
a  weight  above  30  lb.  feveral  learned  men  are 
agreed  with  the  vulgar  in  this,  as  I  had  the  op*- 
portunity  of  feeing,  by  the  obje^lions  which  were 
made  to  me  by  fome  of  the  mod  illuftrious  per- 
fons  of  the  academy,  upon  a  pafiage  in  the  me¬ 
moir  where  I  examined  the  filk  of  fpiders.  This 
palTage  treated  of  the  ftrength  of  the  filaments  of 
filk.  A  fkilful  geometrician  pretended  even  to 
have  the  demonftration  of  the  proportion,  in 
which  the  twilling  is  convenient  ;  and  I  ihall 
often  have  occafion  hereafter  for  the  proportion, 
in  which  the  twilling  increafes  the  ftrength  of  the 
cord  above  the  fum  of  the  forces  of  all  it5 
threads. 

It  feemed  to  me  on  the  contrary,  that  it  was 
without  having  examined  the  thing  clofe  enough, 
that  it  has  been  imagined  that  the  twilling  in¬ 
creafes  the  ftrength  of  cords,  that  every  thing  be¬ 
ing  well  confidered,  we  fhall  find  perhaps,  that 
far  from  increafing,  it  diminiflies  it;  and  that 
this  is  one  of  thofe  phyfical  problems  which  can¬ 
not  be  refolved  but  by  phyfical  experiments.  Be- 
fides  !  thought  it  would  be  of  fome  ufe  to  mecha- 
nicks  to  endeavour  to  refolve  them.  We  might 
often  expofe  the  cords  that  we  make  ufe  of,  to  be 
broken,  if  we  fhould  reckon  too  much  upon 
their  ftrength. 

All  that  they  do  in  making  of  cords,  or  in 
twifting  the  threads  about  one  another,  is  to  put 
them  all  in  a  Hate  of  contributing  fomething  to 
fuftain  the  force,  or  the  weight  that  is  made  to  a(5l ' 

againft 
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againft  this  cord  ;  and  at  the  fame  time  to  difpofe 
each  thread  in  fuch  a  manner,  that  it  is  eafier  to 
break  it,  than  to  make  it  flip,  or  to  difengage  it 
from  thofe  which  furround  it.  It  is  this  which 
gives  the  facility  of  making  very  long  cords  with 
very  fliort  threads,  as  we  fee  in  the  cords  of  hemp, 
flax,  wool,  and  filk,  for  we  may  look  upon 
the  filaments  of  filk,  and  wool  which  they 
commonly  make  ufe  of,  as  little  cords ;  each 
thread  being  prefled  againft  thofe  thatfufroiind  it, 
and  being  twifted  with  thefe  threads,  oppofes  by 
its  fridlion  fuch  a  refiftance  to  the  force  which 
draws  it,  that  it  is  more  difficult  for  this  force  to 
overcome  the  refiftance  of  the  fridioh,  than  to 
break  the  the  thread. 

But  does  it  follow  from  this  difpofition  of  the 
threads,  that  the  fum  of  their  forces  is  fnialler  of 
greater,  than  the  forces  of  the  cords  are  ?  It  is  not 
poflible  to  decide  this  by  reafoning  alone.  We 
fee  plainly  that  in  twilling  feveral  threads  together, 
we  ftiorten  each  thread,  and  that  the  cord  gains  in 
thicknefs,  what  each  lofes  in  length  ;  if  we  regard 
the  cord  only  on  that  fide,  it  is  evident  that  its  force 
is  increafed.  For  every  thing  elfe  bftng  equa^, 
the  thickeft  cords  are  the  ftrongeft.  If  for  exam¬ 
ple  we  make  a  cord  by  twilling  5  threads  about 
one  another,  and  that  the  twitting  ffiortens  each 
thread  f ,  it  is  evident  that  the  thicknefs  of  the 
cord  gains  f  by  which  the  length  of  the  threads  are 
diminifhed  *,  from  whence  it  feems  evident,  that 
the  ftrength  of  this  mull  be  equal  to  the  fum 
of  the  forces  that  6  threads  would  fuftain  fepa- 
rately. 

There  is  alfo  another  way,  in  which  the  twillT 
ing  feems  to  augment  the  ftrength  of  the  cord  ; 
it  is  becaufe  the  weight,  which  draws  the  cord, 
draws  each  thread  obliquely  *,  fo  that  one  part  of 

R  2  this 
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this  weight  is  employed  to  prefs  thefe  threads  one 
againft  the  other  ;  being  each  lefs  drawn  accord¬ 
ing  to  their  length,  the  cord  which  they  compofe 
might  be  in  a  ftate  of  refilling  a'  greater  effort, 
than  that  which  all  the  threads  that  compofe  it  can 
fuflain,  when  they  are  drawn  perpendicularly. 

Thefe  are  the  favourable  fides  on  which  we  can 
view  the  twilling:  but  on  other  Tides  we  fliall 
fee  that  it  weakens  the  force  of  the  cords,  if  we 
would  endeavour  that  in  order  to  a  cord’s  having  a 
force  equal  to  the  fum  of  the  forces  of  the  threads 
w;hich  compofe  it,  the  weight  faflened  to  one  of  its 
extremities,  fhould  ad:  a  gain  fl  each  thread  only  in 
proportion  to  the  force  of  this  thread.  For  if  the 
weakefl  threads  are  charged  as  much  as  the  flrong-, 
efl,  or  if  fome  threads  of  equal  ffrength  are  much 
more  charged  than  others,  they  will  break,  and- 
the  weight  will  fall  upon  the  threads,  which  before 
were  the  leafl;  charged.  Now  the  weight  that 
draws  a  cord,  draws  each  thread  that  compofes  it, 
more  or  lefs,  in  proportion  as  this  thread  is  more 
or  lefs  flretched,  and  more  or  lefs  thick  *,  and  in 
twilling  thefe  threads  it  is  impolTible  to  difpofe 
tliQin  in  fuch  a  manner,  that  the  weakell  Ihould 
be  lefs  ftretched  than  the  others;  fometimcsthethic- 
kellare  the  weakell ;  each  thread  therefore  does  not 
contribute  in  proportion  to  its  llrength  to  fupport 
the  weight;  and  if  for  example,  in  a  cord'eompe- 
fed  of  6  threads  there  are  4  which  contribute  only 
half  their  ffrength  to  fullain  the  weight,  the  cord 
mull  be  only  cocfidered  as  if  it  was  compofed  of. 
4  threads. 

Befides  firice  in  twilling  the  threads,  they  are 
ftretched ;  it  is  plain  that  the  twilling  is  equi¬ 
valent  to  a  weight  which  would  draw  each  thread,- 
and  to  a  weight  greater  or  lefs  according  as  the 
tenfion  that  it  produces  is  greater  or  lefs  ;  that  is, 

the 
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the  more  this  thread  is  ftretched,  the  lefs  it  is  in 
a  ftate  to  fuftain  a  weight  equal  to  that  which 
it 'would  fuftain  naturally.  The  twilling  alone 
is  fufticient  fometimes  to  break  the  threads,  as  we 
find  by  experiment,  when  we  fee  them  too  hard 
twilled. 

The  fame  twilling,  which  increafes  the  llrength 
of  the  cords  in  fome  places,  diminifties  it  in  others. 
But  does  the  increafe  furpafs  the  diminution  ? 
here  geometry  has  no  elFedl  any  further  than  we 
make  arbitrary  fuppofitions,  which  confequently 
determines  nothing  :  we  cannot  know  whether  a- 
mong  thefe  fuppofitions  we  have  chofen  thofe 
which  are  conformable  to  the  effe(5ls  of  nature ; 
we  muft  therefore  here,  as  in  all  other  philofophi- 
cal  doubts,  have  recourfe  to  experiments  ;  thofe 
under  confideration  are  fimple  and  eafy  to  execute. 
I  lhall  relate  exadlly  a  part  of  thofe  that  1  have 
made  *,  they  will  teach  us  what  we  arc  to  think  of 
the  increafe  of  the  llrength  of  cords,  above  that  of 
the  fum  of  their  threads. 

Exp.  I.  I  took  a  bottom  of  white  thread, 
fuch  as  is  commonly  ufed,  and  having  cut  oft'  a 
great  piece  of  it,  I  fixed  at  one  end  dilFerent  weights, 
from  I  pound  to  10;  this  bit  of  thread  fuftained 
9  pound  I  without  breaking,  and  it  broke  when 
I  had  fixed  to  it  a  weight  of  10  pound.  It 
was  therefore  evident  that  each  of  the  two  parts 
which  remained  after  the  divifion  of  this  thread, 
could  at  leaft  bear  a  weight  of  9  |  pounds,  fince 
they  had  already  fuftained  it  without  breaking.  I 
afterwards  doubled  the  longeft  of  thefe  ends  of 
thread,  and  twilling  the  two  peices  together, 
of  which  this  thread  confifted,  I  formed  a  little 
cord  compofed  of  two  threads,  each  of  which  was 
able  to  bear  9  pound  f,  confequently  if  the 
twiftirg  had  increafed  the  llrength  of  the  cord, 
3  above 
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above  the  fum  of  the  ftrength  of  the  threads  which 
compofe  it,  this  cOrd  ought  to  have  born  above 
19  pound;  it  was  very  well  twifted  without  being 
too  much  fo.  Never thelefs  this  cord  broke  when 
I  had  fufpended  a  weight  of  1 6  pound  to  it,  and 
it  only  fuftained  15  pounds  \  without  breaking  ; 
fo  far  from  its  ftrength  being  increafed  by  the  twif- 
ting,  it  was  diminifhed  about 

Exp.  II.  I  afterwards  fixed  a  weight  of  6  pounds 
i,  to  another  thread  taken  from  the  fame  bottom, 
it  fuftained  it  without  breaking,  and  broke  with  7 
pound,  I  alfo  fixed  feveral  weights  to  2  other 
threads  the  firft  of  which  refifted  a  weight  of  8 
pounds,  and  broke  at  8  pounds  f,  and  the  fecond 
fuftained  8  pounds  f,  and  broke  at  9.  I  took 
the  longeft  end  of  each  of  thefe  3  threads,  and 
twifted  them  into  a  fmall  cord  of  three  threads : 
the  fum  of  the  forces  of  thefe  three  threads  was 
at  leaft  capable  of  fuftaining  a  weight  of  23  pounds. 
The  cord  neverthelefs  broke  when  it  was  charged 
with  17  pounds  |,  the  twifting  has  therefore  con- 
fiderably  weakened  it. 

Exp,  III.  Having  likewife  taken  4  bits  of 
thread,  and  knowing  by  the  experiments,  that  the 
firft  co'uld  fuftain  8  pounds  j,*  and  that  it  broke 
with  9  ;  that  the  fecond  could  fuftain  6  pounds  f , 
and  broke  with  7,  and  that  the  other  two  had  born 
7  pounds,  and  broke  with  7  f  >  I  made  a  cord  by 
twifting  thefe  4  threads,  T  knew  by  the  experi¬ 
ments  juft  mentioned,  that  the  fum  of  the  forces  of 
thefe  threads  could  at  leaft  fuftain  a  weight  of  29 
pounds  ;  I  therefore  eafily  knew  that  the  ftrength 
of  this  cord  was  lefs  than  that  of  the  fum  of  the 
threads,  when  I  faw  it  break  after  having  hung  to 
it  a  weight  of  2  i  pounds  f. 

Exp.  IV.  To  confirm  the  preceding  experi¬ 
ments,  1  made  a  new  cord  as  above  compofed  of 
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5  threads,  4  of  which  had  born  7  pounds,  and 
broke  with  7  pounds  and  \  ;  and  the  fifth  had 
born  6  pounds,  and  broke  with  6  pounds  f  ;  the 
fum  of  the  ftrength  of  thefe  threads  was  therefore 
at  leaft  23  pounds;  the  cord  however  broke  after 
having  for  fome  time  fuftained  a  weight  of  22 
pounds.  As  I  knew  by  the  preceding  experi¬ 
ments,  and  by  feveral  others  which  I  do  not  think 
it  necefiary  to  relate,  that  the  thread  which  I  made 
ufe  of,  had  in  the  weakeft  places  fuffieient  ftrength 
to  fuftain  a  weight  of  6  pounds,  and  that  it  was  of¬ 
ten  ftrong  enough  to  fuftain  9  pound  ;  I  thought 
it  right  to  make  my  calculations,  without  examin¬ 
ing  any  more  the. ftrength  of  the  thread  which  I 
ufed,  and  that  when  I  ftiquld  find  that  the  ftrength 
of  the  cord  fhould  be  lefs  than  that  of  the  fum 
of  the  threads,  by  confidering  them  as  not  being 
able  each  of  them  to  fuftain  above  6  pounds, 
thatl  fhould  not  run  any  rifque  of  being  miftaken, 
fince  I  had  never  found  the  ftrength  of  thefe  threads 
lefs,  and  that  I  had  commonly  found  them  greater. 
I  therefore  again  m.ide  different  cords  with  the 
fame  thread,  becaufe  we  cannot  too  often  repeat 
the  experiments,  before  we  conclude  any  thing 
from  them. 

V.  I  made  a  cord  with  6  threads;  it 
ought  at  leaft  to'have  fuftained  36  pounds  if  the 
ftrength  had  been  equal  to  that  of  the  fum  of  the 
threads,  and  this  cord  broke  with  a  weight  of  31 
pounds. 

Exp.  VI.  A  cord  of  i  o  threads  very  welltwif- 
ted,  which  fhould  at  leaft  have  fuftained  60  pounds, 
if  its  force  had  not  been  lefs  than  that  of  the  fum  of 
the  threads,  broke  being  charged  with  50 
pounds. 

Exp.  VII.  Having  made  a  cord  by  doubling 

the  longed  of  the  two  ends,  which  I  had  left  of  the 

pre- 
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preceding  cord  as  it  wascompofed  of  lo  threads  ; 
we  fee  that  I  made  a  cord  of  20  threads,  which 
could  not  carry.  Icfs  than  1 20  pounds,  without  be¬ 
ing  much  weaker  than  the  fum  of  the  threads, 
and  Jefs  than  100  if  its  ftrengch  was  not  dimi- 
nifhed  by  the  lalt  twifting.  A  weight  of  80 
pounds  broke  this  cord  ;  its  flrength  was  therefore 
diminifhed  by  the  laft  twifting. 

Exp,  VI II.  Another  cord  made  of  2  8  threads, 
which  would  at  leaft  have  born  16S  pounds,  if 
the  twifting  had  not  diminiflied  the  ftrength  of  the 
cord,  was  broken  by  a  weight  of  82  pounds; 
I  made  feveral  other  experiments,  which  had  the 
fame  fuccefs,  and  which  it  would  be  to  no  purpofe 
to  relate ;  However  that  it  may  not  be  imagined 
that  the  cords  which  I  made  were  too  much  or  too 
little  twifted,  and  that  perhaps  the  fame  thing  does 
not  happen  to  the  cords  of  thread,  or  hemp,  made 
by  the  ropemakers,  I  made  trial  of  ihefe  laft. 
Among  the  various  experiments  that  I  have  tried 
upon  thefe  forts  of  cords,  I  fhall  content  myfelf 
with  relating  the  2  following,  becaufe  all  thofe 
that  I  made  have  notfucceeded  differently. 

Exp,  IX.  I  took  a  fmall  hempen  cord,  very 
well  made  by  a  rope-maker  ;  it  was  made  of 
three  other  fmaller  cords,  each  of  which  was 
compofed  of  two  coarfe  threads  of  hemp.  I  call 
thofe  threads  which  are  not  made  of  other  fmaller 
cords,  but  are  compofed  of  divers  filaments  of 
hemp  or  flax.  Having  fixed  a  weight  of  501b. 
to  the  cord  juft  mentioned,  it  broke  in  an  inftant ; 
as  it  feemed  to  me  that  this  cord  ought  to  have 
been  ftronger,  I  fufpended  afterwards  feveral 
weights  to  the  longeft  end  that  was  left ;  it 
fuftained  72  lb.  and  broke  being  charged  with  75, 
To  know  if  the  fum  of  the  forces  of  the  three  little 
cords  which  compofed  this,  was  greater  than  that 
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of  this  cord,  I  untwifted  it,  and  having  tried  the 
ftrength  of  thefe  little  cords  by  different  weights, 

I  found  that  one  bore  27  lb.  without  breaking, 
the  other  33  lb.  and  the  laft  35  lb.  The  fum  of 
the  ftrength  of  thefe  3  cords  was  therefore  at  leaft: 
equal  to  that  which  is  required  to  a  weight  of 
95  lb.  yet  the  cord  which  they  compofed  had  fir  ft: 
broken  at  50  lb.  and  afterward  at  75  ;  its  ftrength 
was  therefore  much  lefs  than  that  of  the  fum  of 
the  threads. 

As  to  the  reft  it  muft  be  obferved,  that  if  I  had 
fought  the  ftrength  of  the  2  threads,  which  each 
of  the  3  little  cords  was  compofed  of-,  the  fum  of 
the  forces  of  thefe  two  threads,  would  perhaps  have 
been  found  lefs  than  that  of  the  little  cord  which 
they  compofed  ;  and  that  by  a  reafon  particular 
to  cords  which  are  made  of  filaments,  fhorter 
than  the  cords  themfelves.  Which  is,  that  each 
of  the  filaments  cannot  exercife  its  whole  ftrength, 
unlefs  the  refiftance  of  the  fridlion  which  it  muft 
overcome  to  flip,  does  not  furpafs  the  ftrength 
which  this  filament  has  to  fuftain  a  weight.  Now 
it  often  happens,  that  the  threads  are  not  enough 
.twifted,  becaufe  the  filaments  of  hemp,  or  flax, 
which  compofe  them,  cannot  flip  fo  eafily  as  not 
.to  be  broken.  But  when  we  make  a  cord,  for 
.example,  with  two  or  three  of  thefe  threads,  the 
new  twifting  which  is  given  them,  adds  to  the  fi¬ 
laments  which  compofe  them,  what  they  want  of 
fridtion,  and  puts  them  in  a  ftate  of  being  broken 
by  a  lefs  force  than  is  neceftary  to  make  them 
ftide,  and  when  each  filament  ftiall  be  more  eafily 
broken  than  difengaged  from  thofe  which  encom- 
pafs  it,  the  ftrength  of  the  cord  will  always  be 
lefs  than  the  fum  of  the  forces  of  the  threads  or 
filaments  which  compofe  it. 

.  VoL.IV.  N0.38,  S  Exp. 
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£^/.X.Another  cord  pretty  near  the  fame  thick- 
nefs  with  the  preceding,  will  alfo  ferve  for  a  new 
proof.  It  fuftained  a  weight  of  70  lb.  and  broke, 
about  the  middle  by  the  weight  of  72  *,  I  fattened 
a  weight  of  75  lb.  to  the  longett  bit  that  remain-^ 
ed,  to  fee  if  the  cord  had  not  broken  in  a  place' 
much  weaker  than  the  rett  ;  but  it  could  not  fuf- 
tain  the  weight  of  75  lb.  Having  fought  feparate- 
ly  the  ttrength  of  the  3  little  cords  of  which  it  was 
made,  the  firft  bore  241b.  and  broke  with  28  ; 
the  fecond  bore  281b.  and  broke  with  29; 
and  the  third  futtained  30  lb.  and  broke  with  31. 
The  fum  of  the  ttrength  of  thefe  3  cords  was  there¬ 
fore  at  leatt  equal  to  82,  and  confequcntly  greater 
than  that  of  the  broken  cord  by  a  weight 
of  71  lb. 

There  is  no  doubt  but  that  the  experiments 
which  I  made,  would  have  fucceeded  in  the  fame 
manner  upon  thicker  cords;  the  great  number 
of  threads,  or  of  fmall  cords,  cannot  make  any 
alteration.  Bur  the  experiments  would  have  been 
much  more  difficult  to  execute,  and  the  preced¬ 
ing  are  fufficient.  I  fhall  however  relate  one, 
which  I  made  upon  a  bit  of  filk,  fuch  as  is  com¬ 
monly  ufed  for  fewing  •,  notwithttanding  the 
fmallnefs  of  thefe  forts  of  cord,  we  may 
compare  it  to  the  thickett  cables,  if  we  only  con- 
ttder  the  number  of  ttngle  threads  which  compofe 
it.  The  threads  of  this  bit  of  filk  were  exceeding 
fine  ;  it  alfo  contained  a  much  greater  number  of 
filaments  than  the  bits  which  I  have  fpoken  of  in 
the  Examination  of  the  filk  of  f pi  den*,  ^  For 
having  feparated  it  with  great  attention  and  pa- 
patience,  I  divided  it  into  832  (ingle  threads, 
whereas  I  never  found  but  200  threads  in  the 
*  Page  41  of  this  volume. 
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others.  If  there  was  any  miftake  in  this  calcula¬ 
tion,  it  could  be  only  in  making  the  number  of 
threads  lefs  than  it  really  was,  becaufe  it  might 
eafily  happen  that  the  extreme  finenefs  of  thefe 
threads  might  make  me  fometimes  take  two  for 
one ;  but  this  number  cannot  be  too  great,  be¬ 
caufe  I  never  counted  one  thread  without  fepa- 
rating  it  well  from  the  others.  I  had  alfo  the  pre¬ 
caution  to  cut  it  after  having  counted  it  for  fear 
I  fhould  make  a  double  work  of  it. 

Thefe  832  threads  compofed  two  different  lit¬ 
tle  cords,  which  being  twifted  about  one  another, 
made  the  bit  of  filk  ;  having  fucceffively  fixed 
different  weights  to  this  bit  of  filk,  I  found  that 
it  commonly  fuftained  5  lb.  for  fome  moments, 
after  which  it  broke  *,  but  it  was  feldom  ftrong 
enough  to  bear  51b.  |  and  in  a  great  number  of 
experiments  it  was  not  above  once  or  twice,  that 
5  lb.  \  did  not  make  it  break.  Having  afterwards 
examined  the  ftrength  of  the  threads  which  com¬ 
pofed  this  piece  of  filk,  I  was  convinced  by  feve- 
ral  experiments,  that  the  weakeft  could  fuflain  a 
dram  without  breaking  *,  and  the  ftrongeft  a  dram 
and  I  ;  we  fee  therefore,  that  if  thefe  threads  are 
much  finer  than  thofe  which  I  fpoke  of  in  the 
Examination  of  the  filk  of  fpiders^  they  are  alfo 
much  weaker,  for  thofe  fuftained  2  drams  |.  Since 
thefe  threads  bore  at  leaft  a  dram,  and  the  ftrongeft, 
of  which  I  found  a  much  greater  number  than  of 
the  weakeft,  bore  i  dram  and  |,  it  is  evident 
that  I  am  not  too  favourable  to  the  fum  of  the 
forces  of  the  thread,  when  I  take  i  dram,  18 
grains  for  the  mean  force  of  each  thread.  And 
according  to  this  fuppofition,  the  fum  of  the  forces 
of  the  thread  which  compofe  this  piece  of  filk, 
was  1040  drams ,  or  dividing  this  fum  by  128  to 
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'reduce  it  into  pounds;  the  fum  of  the  forces 
of  the  threads  was  8  lb.  2  ounces.  Now  we  have 
feen  above,  that  the  filk  did  not  in  general  fuf- 
tain  above  5  lb.  and  but  feldom  5  1;  its  force 
was  therefore  confiderably  lefs  than  the  fum  of  the 
threads  ?  If  we  had  taken  the  force  of  the  weakeft 
threads,  which  was  a  dram,  for  the  true  force  of 
each  thread,  the  fum  of  the  forces  would  have 
been  832  drams,  that  is,  6  lb.  |  and  confequently 
greater  than  that  of  the  bit  of  filk. 

We  may  therefore  certainly  conclude  from  all 
thefe  experiments,  that  the  force  of  a  twilled  cord 
is  lefs  than  the  fum  of  the  forces  of  the  threads 
which  compofe  it.  But  it  is  not  poffible  to  deter¬ 
mine  in  what  proportion  the  twilling  diminifhes 
it,  becaufe  this  diminution  depends  upon  a  great 
number  of  irregularities,  each  of  which  may  be 
combined  in  many  different  manners. 

Thefe  experiments  teach  us  at  lead,  that  when 
we  can  employ,  in  a  convenient  manner,  many 
little  cords,  and  can  flretch  them  equally  ;  thefe 
little  cords  would  be  in  a  date  of  producing  a 
greater  effedl,  or  of  redding  a  greater  edbrr,  than 
a  cable  compofed  of  all  thefe  fmall  cords  would 
be. 

Ladly,  if  we  cannot  decide  what  the  drength 
of  a  cable  is,  we  may  decide  between  what  limits 
it  is  inclofed,  by  feeking  what  the  force  of  one 
of  the  fmall  cords  is  which  compofe  it ;  and  by 
examining  what  is  the  number  of  thefe  cords; 
fince  we  have  feen,  that  the  force  of  the  cable  is 
lefs  than  the  fum  of  the  forces  of  all  thefe  cords. 


IV. 
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IV.  Remarks  on  fome  colours^  by  M.  de 

la  Hire 

The  deep  purple  red  only  appears  bright  and 
ftiining  when  it  is  expofed  to  a  ftrong  light ;  but 
when  we  view  it  in  a  moderate  light,  it  appears 
to  us  very  dark,  and  approaching  to  black. 

We  alfo  know,  that  when  we  view  a  luminous 
or  very  bright  body  through  a  dark  and  rare  one, 
it  appears  red  to  us,  as  when  we  look  at  the  fun 
through  a  fmoaked  glafs ;  and  we  cannot  fay, 
that  it  is  the  proper  colour  of  this  fmoke  which 
gives  it  this  red,  fince  this  very  fmoke  being 
mixed  with  white,  makes  a  colour  very  much  in¬ 
clinable  to  blue,  which  is  far  from  red. 

For  the  -explaining  this  red  colour,  we  muft 
have  recourfe  to  what  we  can  imagine  of  the  fen- 
fat  ion  of  red,  which  is  only  a  violent  fhaking  of 
the  retina^  with  a  certain  modification,  which  is 
not  found  in  the  violent  fhaking  of  the  retina^ 
by  refleblion  alone,  which  only  caufes  white ;  and 
if  the  choroides,  which,  according  to  my  fyftem, 
receives  the  impreffions  of  light,  to  tranfmit  them 
to  the  retina^  is  very  fenfible,  and  very  thick,  it 
muft  happen  that  the  modified  light  which  gives 
us  the  fenfation  of  red,  meeting  this  choroides,  is 
intirely  abforbed,  and  fhakes  the  retina  only  as 
if  it  was  a  black  body.  This  is  alfo  what  we  ob- 
ferve  in  fome  eyes,  which  being  otherwife  very 
goodforfeeing  the  fmalleft  objects  very  diftin6lly, 
fee  red  only  as  if  it  was  blacky  and  have  no  idea 
of  what  we  call  red  ;  and  for  other  colours  they 
fee  them  perfeblly  well. 

We  know  alfo,  that  when  we  fee  a  black  body 
through  a  white  and  thin  one,  it  gives  us  the  fen- 
*  March  28,  171 1. 
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fation  of  blue,  and  there  can  be  no  doubt  of  it, 
fince  this  is  the  only  reafon  why  the  fky  appears 
blue  to  .'us;  for  its  immenle  depth  being 
intirely  deprived  of  light,  can  only  appear  to  us, 
through  particles  of  air,  which  are  enlightened  by 
the  fun,  and  appear  white.  This  is  alfo  the  reafon 
why  the  black  of  fmoke  diluted  with  white,  ap¬ 
pears' blue  ;  for  the  bodies  which  appear  white, 
being  always  a  little  tranfparent,  and  being  con¬ 
founded  with  the  black  behind  them,  give  a  fen- 
fation  of  blue. 

Thefe  two  explications  of  red  and  blue,  fhew 
us  why  the  veins  which  are  feen  upon  the  furface 
of  the  fkin,  efpecially  if  it  be  very  white,  appear 
blue  to  us,  altho’  they  are  filled  with  a  very  red 
blood. 

For  by  what  I  have  here  above  explained,  it 
is  evident  that  the  blood  which  is  of  a  deep  red, 
being  inclofed  in  the  veins,  is  there  in  fome 
meafure  in  obfcurity,  and  confequently  would 
appear  like  black,  and  this  black  being  viewed 
through  the  membrane  of  the  vein,  and  through 
the  white  skin,  gives  us  a  fenfation  of  blue ; 
which  cannot  happen  to  the  rell  of  the  skin 
which  is  white,  and  filled  with  innumerable  par¬ 
ticles  of  blood  quite  to  the  cuticle,  which  muft 
appear  to  us  of  a  white  inclined  to  a  Vermil¬ 
lion,  for  thele  particles  of  blood  are  very  much 
difperfed  :  but  if  it  fhould  happen,  by  any  ac¬ 
cident,  as  by  fome  blow,  that  the  blood  ga¬ 
thers  together  in  a  great  quantity  under  the  skin 
in  fome  place,  the  part  prcfently  appears  bluifh, 
and  we  fay  it  is  bruifed. 

It  is  alfo  without  doubt  this  blue  colour  of 
the  veins,  which  has  led  anatom  ids,  who  inje6l 
wax  into  the  vefiels  of  the  body,  to  fyringe 
blue  wax  into  the  veins  and  red  wax  into  the 
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arteries,  to  diftingulfli  them  from  the  veins,  and 
to  fliew  a  little  the  different  nature'  of  the 
blood  of  thefe  veffels,  for  it  is  much  more  vi¬ 
vid,  Ipirituous  and  florid  in  the  arteries  than  in 
the  veins. 

V.  RefeBions  on  Jbme  new  ohfervations  of  F, 
Feuillee  made  in  the  Weft-Indies,  ex- 
traBed  from  a  letter  written  to  M.  le 
Comte  de  Pontchartrain  from  Lima,  Dec. 
7,  1709,  hy  M,  Caffini,  the  fonf. 

At  the  beginning  of  his  voyage  he  was  obliged 
by  contrary  winds,  to  ftop  at  Sardinia  and  Mal^ 
ta^  which  gave  him  the  opportunity  of  making 
feveral  aftronomical  and  phyfical  obfervations,  the 
extradt  of  which  is  related  in  the  Memoirs  of  the 
Academy  of  1708.  He  alfo  made  feveral  obfer¬ 
vations  in  the  Mediterranean^  for  determining  the 
latitude  of  the  places  where  he  had  the  conveni¬ 
ence  of  obferving,  of  which  this  is  an  extracft. 

Height  of  the  pole  at  GoMo  di  Palma,  in  the  if  and 

of  Sardinia. 

The  height  of  the  pole  of  this 
sulf  which  is  between  the  ifland  of 
St.  Antiocho^  and  the  main  land  of  Sar-  ^ 
dinia^  was  obferved  to  be  38 

Height  of  the  pole  at  Port-Mahon. 

The  height  of  the  pole  at  Port^Ma- 
hon^  which  is  in  the  ifland  Minor ca^  o 

was  obferved  to  be  - -  39 

f  Dec.  17,  1710. 


I 


t  0 

59  24 


/  (f 

53  45 


Height 


I 
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Height  of  the  pole  at  Carthagena. 

-  The  height  of  the  pole  at  Cartha- 

genay  in  Europe^  was  obferved  in  the  ^  ,  ,, 

port  to  be  -  -  37  36  8 

Height  of  the  pole  at  Almeria. 

The  height  of  the  pole  at  Aimer ia^ 
which  is  in  the  kingdom  of  Granada^  „  ;  /, 

was  obferved  to  be  - -  36  50  18 

F,  FeuilUe  afterwards  pafled  the  {freights  of 
GihraltaVy  continuing  his  way  toward  America* 
He  obferved  during  the  courfe  of  his  navigation, 
that  the  fea- water  diminilhed  in  its  weight,  in  pro¬ 
portion  as  he  approached  the  line.  He  made 
daily  obfervations  of  it  in  prefence  of  the  officers 
of  the  {hip,  and  does  not  believe  that  the  mixing 
•of  the  freffi- water  has  contributed  to  this  alteration, 
•having  palTed  the  line  at  a  very  great  diilance  from 
-Africa  America,  He  obferved  alfo  during  his 
voyage,  the  variation  of  the  needle,  and  the  place 
of  his  courfe  where  there  is  no  variation. 

The  firll  place  where  he  arrived  in  America^ 
was  Buenos- Ayres y‘  where  the  bad  weather  would 
not  permit  him  to  make  any  obfervations  of  the 
fatellitcs  of  Jupiter, 

Obfervations  made  at  Buenos- Ayres  on  the  Rio  del 
Plata,  the  i^thof  Aug.  1708. 

The  height  of  the  pole  was  obferved  ^  ^ 

at  Buenos- Ayres  to  be  - - -  34  34  44 

This  obfervation  was  confirmed  by  thofe  of 
‘  the  20th  and  21ft  of  Aug,  which  give  the  fame 
height  to  the  pole  within  a  few  feconds. 


The 
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^he  21JI  of  Aug. 

F.  FeiiilUe  obfervcd  at  Buenos^ Ayres  ^  , 

the  variation  of  the  needle  to  be  15  32NE 

'He  obferved  alfo,  that  the  needle 
of  the  compafs  dipped  at  the  fouth 
point,  and  made  an  angle  with  the  o  / 
true  horizon  of  * — .  ■  6  20 

Obfervations  made  at  Monte  V id io,  for  the  height 
of  the  foky  the  2^d  of  Odt. 

F.  FeuilUe  obferved  at  Monte  Vidio^ 
which  is  to  the  fouth-eaft  from  Buenos- 
Ayres^  at  the  outlet  of  the  Rio  del  ^  „ 

Plata^  the  height  of  the  pole  to  be  34  52  30 

It  was  obferved  the  24th  and  28th,  to  be  within 
a  few  feconds  the  fame. 

Obfervations  made  at  the  Conception  in  the  king¬ 
dom  of  Chili. 

F.  Feuillee  determined  the  height  of 
the  pole  at  the  Conception^  by  a  great 
number  of  obfervations  of  the  meridian 
height  of  the  fun,  and  fixed  ftars, 
made  in  Jan,  and  Feb.  between  which, 
if  we  take  a  mean,  we  fhall  have  for  ^ 
the  height  of  the  pole  Conception  36  44  3Q 

Eclipfes  of  the  fatellites  of  Jupiter /<?r  the  longitude 
of  the  Conception,  the  Jan.  1709. 

At  o  3  23  in  the  morning,  immerfion  of  the 

firft  fatellite  into  the  (hadow  of 
Jupiter. 

5  5  28  at  Paris  by  the  correiled  calcu¬ 

lation. 

VoL.  IV.  N^  38.  T 


5 
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5  'i  5  difference  of  the  meridians  be¬ 

tween  P^r/jand  ihtConception, 

The  yth  of  Ych, 

t 

I  55  3^  iri  the  morning  immerfion  of  the 

firft  fatellite  into  the  fhadow 
of  Jupiter, 

6  58  8  at  Paris  by  the  corredled  calcu¬ 

lation. 

5  2  32  difference  of  the  meridians  between 

Paris  and  the  Conception, 

The  ^th  of  Feb. 

II  o  52  at  night,  the  immerfion  of  the 

third  fatellite  into  the  fhadow 
of  Jupiter, 

16  I  50  at  Paris  by  the  c6rfe6led  calcu¬ 
lation. 

5  o  58  difference  of  the  meridians'  be¬ 
tween  Paris  and  the  Conception, 

The  1 7/^  of  Feb.  • 

O  34  4  in  the  morning  immerfion  of  the 

third  fatellite  into  the  fhadow  of 
Jupiter, 

531  5  at  Paris  by  the  correffed  calcu¬ 

lation. 

4  57  I  difference  of  the  meridians  be¬ 
tween  Paris  and  the  Conception, 

The  i^th  of  Feb. 

145  2  in  the  morning  immerfion  of  the 

fecond  fatellite  in  the  fhadow  of 
Jupiter, 


6 
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/; 


At  6  46  17  at  by  the  correcSed  calcu¬ 
lation. 

5  I  15  difference  of  the  meridians  be¬ 
tween  Paris  and  the  Conception, 
Taking  the  mean  between  the  diffe¬ 
rences  of  the  meridians  determined  by 
the  obfervations  of  the  firft  fatellite  of 
Jupiter^  which  only  differ  19  feconds 
from  one  another,  we  ffiall  have  the 
difference  of  the  meridians  between 
Paris  and  the  Conception  — 

This  difference  being  brought  into 
degrees,  gives  the  difference  of  the 
longitude  between  Paris  and  the  Con¬ 
ception  of  -3=r!-  ^  r-r-  75  33  3? 

By  which  the  Conception  is  more  wefterly  than 
Paris, 


h 

5 


/ 

2 


/; 

14 


Ohfervaiions  of  the  variation  and  inclination  of 
the  needle^  the  2*jth  t?/ Jan.  1709. 

The  variation  of  the  needle  was  ob-  ^  , 

ferved  at  the  Conception  to  be  10  20NE 

And  the  inclination  of  the  needle  ^  35 


Obfervations  made  at  Valparaifo,  upon  the  coafl 
of  the  kingdom  of  Chili. 

F.  FeutUee  determined  by  the  meri¬ 
dian  heights  of  the  fun  and  fixed  ftars, 
the  height  of  the  pole  at  Valparaifo  to  ^ 
be  -  - -  '  '  33 


/ 

o 


// 

1 1 


T  2 


Eclipfe 
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EcUpfe  of  the  firft  fatellite  <?/ Jupiter,  for  the  ton* 
£/ Valparaifo,  the  nth  d?/ March,  1709. 

h  /  if 

At  10  34  13  at  night,  immerfion  of  the  firft 

fatellite  into  the  fhadow  of  Ju* 
*  piter. 

15  32  28  zt  Paris  hy  the  correfted  calcu¬ 
lation. 

4  58  15  difference  of  the  meridians  be¬ 
tween 

Paris  and  Valparaifo^  which  being 
brought  into  degrees,  gives  the  diffe¬ 
rence  of  longitude  between  Paris  and  ^  ^ 

Valparaifo  -  ^ -  74  33  45 

By  which  Valparaifo  is  more  wefterJy  than 
Paris, 

EcUpfe  of  the  fun^  March  1 1,  1709. 

The  horizon  was  full  of  clouds  at  the  rifing  of 
the  fun,  and  they  could  not  obferve  it  till  a  little 
after. 

fCEe  nth  of  March. 

"  h  /  //  , 

At  6  19  46  in  the  morning,  the  fun  was 

eclipfed  one  digit. 

6  27  37  end  of  the  eclipfe. 

F.  Feuillee  could  only  obferve  thefe  two  phafes 
of  the  eclipfe  *,  and  he  obferves,  that  in  this  coun¬ 
try  the  fun  is  but  feldom  feen. 

This  eclipfe  having  been  obferved  at 
Paris,,  and  feveral  other  parts  of  Eu¬ 
rope,,  we  have  deferibed  the  parallel 
of  Valparaifo  in  the  figure  of  this 
eclipfe,  and  found  by  the  phafe  of  a 
'digit,  the  difference  of  the  meridians  ^  ^ 

between  Paris  znd  Valparaifo  to  be  4  55 

And  by  the  end  -  '4  53  50 

•  Thefe 
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Thefe  differences  are  lefs  than  thofe  which  arc 
found  by  the  obfervation  of  the  firft  fatellite  of  Ju^ 
piter^  to  which  it  is  beft  to  keep  ;  becaufe  of  the 
fimplicity  of  the  elements  which  are  ufed  for  the 
comparifon  of  thefe  obfervations. 

Ohfervations  made  at  Lima,  the  capital  of  Vm, 

F.  FeuilUe  determined  by  the  meri¬ 
dian  height  of  the  fun,  the  height  of 
the  pole  at  Lima  to  be  - -  12  i  15 

Whilft  he  ftayed  at  Lima  he  obferved  geo¬ 
metrically  the  height  of  a  mountain  which  he 
found  elevated  143  toifes,  and  almoft  5  feet  above 
the  horizon.  He  took  at  the  foot  of  the  mountain, 
the  height  of  the  barometer,  which  he  found  to  be 
27  inches  5  lines,  which  is  10  lines  |  higher  than 
the  26  inches  6  lines  which  he  found  at  the  top 
of  the  mountain. 

According  to  the  rule  drawn  from  our  obfer¬ 
vations,  the  difference  in  the  height  of  the  baro¬ 
meter  which  agrees  to  the  height  of  143  toifes, 
5  feet  above  the  horizon  of  the  fea,  ought  to  be 
12  lines  greater  by' two  lines  than  what  F,  Feu^ 
illee  has  found,  which  makes  him  judge  that  the 
condenfation  and  dilatation  of  the  air  in  America^ 
is  very  different  from  that  which  is  obferved  in 
Europe.  We  fhall  not  give  a  further  detail  of 
this  obfervation,  F.  FeuilUe  having  a  defign  of 
meafuring  a  fecond  time  the  height  of  this  moun¬ 
tain  before  his  departure. 

With  regard  to  the  height  of  the  barometer  at 
the  fea-fhore,  F.  found  by  the  obfervation, 

•  which  he  every  day  made  at  land,  that  it  is  pret¬ 
ty  near  the  fame  as  in  Europe. 

During  his  flay  at  Lima  they  felt  there  feveral 
earthquakes,  and  the  7th  of  Dec.  in  the  morn- 
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ing,  thediy  of  the  date  of  his  letter, -they  had 
two  (hocks  fo  flrong,  that  had  they  lafted  a  little 
longer,  there  would  not  have  been  any  bjailding 
that  could  have  refitted  them. 

—  I 

VI.  extraEl  of  fever  a  I  ohfervatiom  made 
by  F.  Feuillee'*  in  the  Well-Indies,  by  M\ 
Caffini  the  fo7i^ , 

Since  the  obfervations  that  F.  FeuilUe  made  in 
his  voyage  ioxhtWeJl-Jndies^  which  we  have  re¬ 
lated  to  the  royal  academy  ol  fciences,  he  has  fent 
'othm  ioyiJe  Comte' de  Pontchartrain^  which  he 
has  continued  to  make  in  the  South  fea. 

t  * 

I  # 

Obfrvaiions  made  at  Coquimbo  for  the  longitude^ 
«  the  i6tb  of  A^xW^  1710. 

h  /  // 

At  '  1 1  57  36  at  night,  immerfion  of  the  fecond 

fatelJitcin  thefliadowofy«^//^r. 
16  51  32  at  P arts  hy  the  corrected  calcu¬ 
lation. 

4-  53  5^  difference  of  the  meridians  be¬ 
tween  Paris  and  Coquimbo, 

The  22d  of  A^n]^  10. 

At'  o  6  25  in  the  morning  immerfion  of  the 

firft  fatellice  into  the  fhadow  of 
Jupiter, 

5  I  8  at  Paris  by  the  correfted  calcu¬ 
lation. 

4  54  difference  of  the  meridians  be¬ 
tween  Paris  and  Coquimbo^ 
Which  being  brought  into  degrees, 

■gives  the  difference  of  the  longitude 
between  Paris  and  Coquimbo  of 
*  July  8,  171 1. 


73  40  45 
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0 

Ohfervations  made  at  Coq,uimbo  for  tlhe'heighlt'of 
'  the  fole^  the  ly/i?  April,  1710. 

F.  Feuillee  obferved  at  Coquimho  the 
meridian  height  of  the  upper  edge  ^ 

the  fun,  to  be  — t —  49  5 1  50 

He  continued  obferving  it  the  following  days 
till  the  28th  of  the  fame  month. 

According  to  thefe  obfervations, 
having  regard  to  the  refradlion,  the 
femi-diameter  of  the  fun,  'and  its  pa¬ 
rallax,  we  fhall  find  the. height  of  the  ^ 

pole  ^tCoquimbo  to  be  - —  29  54  30 

'  -  f 

Ohfervations  of  the  variation  and  inclination  of  the 

needle  at  Coquimbo. 

The  variation  of  the  needle  was  ob-  o  7 
'  {Qvvtd  2it  Coquimho  to  ,  —  -8  .32NF) 

And  the  inclination  of  the  needle  5  25 

Ohfervations  for  the  height  of  the  pole  at  Arica, 

^  the  loth  of  May. 

F.  Feuille  obferved  at  Arica  the  me¬ 
ridian  height  of  the  upper  edge  of  the  ^  ,  v, 

fun  to  be  - —  51  49  45 

And  the  2  ift  of  May  - 51  37  34 

By  thefe  obfervations  we  find  the 
height  of  the  fouth'-pole  ^x.  Arica  to  be  i8  28.  o 


Obfervations  made  at  Ylo  for  the  longitude^  the 

24/i>  July,  1710. 


h 

9 


24  57  at  night,  emerfion  of  the  firfl  fa- 
tellite  out  of  the  fhadow  of 
Jupiter, 


V 


14 
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h  /  y/ 

At  14  19.  II  at  Paris  by  the  correfted  calcu¬ 
lation. 

4  54  14  difference  of  the  meridians  be¬ 
tween  Paris  and  Tlo^ 

Which  being  reduced  into  degrees 
gives  the  difference  of  longitude  be-  ^  „ 

Paris  2iud  Tlo  of  -  73  33  30 

By  which  Tlo  is  more  wefterly  than  Paris, 

s 

Obfervations  for  the  height  of  the  pole  at  Ylo,  the 

5/i?  June. 

F,  Feuillee^  obferved  at  Tlo  the  me¬ 
ridian  height  of  the  upper  edge  of  o  t  „ 

the  fun  to  be  —  —  — ^  —  -  50  5  30 

He  continued  obferving  it  the  following  days 
’till  the  25th  of  7«/y, 

According  to  thefe  ol  Crvations  we  o  ,  /t 
find  the  height  of  the  pole  at  Tlo  to  be  17  36  30 

Obfervations  of  the  variation  and  inclination  of  the 

needle  at  Ylo. 

The  vat  iation  of  the  needle  was  <>  ,  „ 

obferved  at  27^?  to  be  — - -  6  38  oNE 

and.  the  inclination  of  the  needle  3  45  o 
Thefe  obfervations,  added  to  thofe  which  wc 
have  already  related,  determine  more  particularly 
the  fituation  of  the  weft  coaft  of  'South  America^ 
which  ’till  now  has  been  but  little  known. 

VII,  Experiments  on  the  thermometer^  by 
M.  de  la  Hire  the  Jon^. 

A  canon  of  Chartres  one  of  my  friends,  and 
an  excellent  naturalift,  wrqte  to  me  in  February 
1709,  that  having  feen  the  papers  that  M.  Nuguet 

,  *  June  i3ih,  1711. 


had 
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had  publiflied,  where  he  gave  the  conftrucflion  of 
a  new  thermometer,  which  as  he  pretended 
was  free  from  the  faults  of  others,  and  that  hav¬ 
ing  alfo  feen  the  redecflions  that  I  have  given 
upon  this  thermometer,  printed  in  the  memoirs 
of  the  Academy  1706,  he  had  a  mind  to  ex¬ 
amine  whether  this  new  thought,  fo  oppofite  to 
that  of  M.  Amontms^  was  founded  upon  any  cer¬ 
tain  principle. 

He  took  for  his  experiments  a  thermometer 
which  he  had  caufed  to  be  made  at  Chartres^ 
from  one  of  thofe  of  M.  Amontons^  the  ball 
of  which  was  13  lines  outfide  diameter,  and  the 
tube  3  feet  2  inches  long,  to  f  oi  a  line  of  infide 
diameter. 

The  7th  of  December  170S,  he  put  this  ther¬ 
mometer  into  water,  which  he  let  freeze,  with¬ 
out  taking  notice  at  what  height  the  fpirit  of  v/ine 
was  in  the  tube,  and  when  the  water  was  perfedf- 
ly  frozen,  the  fpirit  of  wine  was  at  1 1  inches 
7  lines  above  the  ball  ;  he  afterwards  melted  the 
ice  from  the  thermometer,  by  holding  it  to  the 
fire,  and  believed  that  the  fpirit  of  wine  could  not 
defeend  lower  in  this  thermometer  ;  nor  ima¬ 
gining  that  there  could  be  a  greater  cold  than 
that  of  water  very  hard  frozen. 

He  afterwards  expofed  this  thermometer  to  the 
cold  of  the  following  days,  and  found  that  the 
fpirit  of  wine  fell  in  the  tube  to  i  inch  lower  than 
it  had  fallen  being  in  water  very  hard  frozen, 
that  is,  I  inch  below  the  1 1  inches  7  lines ; 
he  believed  that  the  caufe  of  this  effedl  proceeded 
from  this,  that  the  water  was  not  perfedlly  frozen 
in  its  whole  mafs,  for  this  reafon  he  repeated  the 
preceding  experiment. 

January  the  8ch  1709,  the  cold  being  very 
great,  at  8  in  the  morning  he  put  the  fame  ther- 

U  mometer 
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mometer,  of  which  the  fpirit  of  wine  was  at'  9 
inches  8  lines  above  the  ball,  into  water  which 
was  frozen  in  a  very  little  time,  and  examining 
very  attentively  what  fhould  happen  to  the  fpi¬ 
rit  of  wine  in  the  tube,  he  faw  that  in  lefs  than 
half  a  quarter  of  an  hour,  the  fpirit  of  wine  rofe 
2  inches  \  a  line  above  the  9  inches  8  lines. 
An  hour  after,  it  was  alio  rifen  \  a  line  more,  at 
noon  another  \  line,  and  at  half  an  hour  after  9  at 
night,  it  was  rifen  2  inches  4  lines  f  above  the  nine 
inches  8  lines.  He  left  this  thermometer  all  nightto 
the  air  and  in  the  ice,  the  cold  being  very  great,  fo 
that  the  ice  fwelled  and  raifed  itfelf  above  the  edge 
of  the  veflfel,  and  the  next  day  in  the  morning 
about  the  fun’s  rifing,  he  found  that  the  fpirit 
of  wine  was  rifen  in  the  tube  more  than  2  feet 
above  the  ball,  and  that  it  was  interrupted  with 
many  bubbles  of  air  very  much  extended.  He 
here  finiflied  his  experiment,  and  wanting  to  dif- 
engage  the  thermometer  from  the  ice,  he  broke  it. 

This  experiment  did  nothing  but  puzzle  my 
friend,  for  he  faw  the  contrary  happen  to  what 
he  expeded,  and  to  what  had  happened  in  the 
firft  experiment,  fince  inflead  of  feeing  the  fpirit 
of  wine  funk  in  the  tube  after  the  thermometer  was 
in  the  ice,  he  faw  it  rife  continually  to  the  height 
of  above  2  feet,  and  interrupted  with  many  bub¬ 
bles  of  air,  which  made  him  think  that  the  ice 
had  perhaps  made  the  fpirit  of  wine  ferment, 
irorn  whence  he  concluded  that  Af.  Nuguet^  who 
made  ufe  of  the  cold  of  water  in  which  he  put 
ice  to  conftrud  his  thermometer,  would  have 
found  it  difficult  always  to  meet  with  the  fame 
degree  of  cold. 

lanfwered  my  friend  fome  days  after,  and  ac¬ 
quainted  him  chat  the  experiment  had  furprized 

me. 
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me,  and  that  !  did  not  believe  the  great  cold  had 
caufed  a  fermentation  in  the  fpirit  of  wine,  buc 
I  was  perfuaded  that  what  made  it  rife  2  inches 
T  a  line,  during  the  firlt  half  quarter  of  an 
hour,  that  the  thermometer  was  in  the  water,, 
was,  that  when  he  had  put  it  in,  the  fpirit  of 
wine,  which  was  exTemely  condenfed  by  the 
great  cold,  becaufe  it  was  expofed  to  the  air, 
and  the  water  was  not,  had  in  a  manner  thaw¬ 
ed,  that  is,  the  particles  of  cold  which  were  with¬ 
in,  had  gone  out,  and  were  joined  to  thofe  of  the 
water,  which  was  not  fo  cold  as  the  fpirit  of 
wine,  fince  it  was  not  frozen,  as  it  happens  to 
fruits  that  are  frozen,  when  they  are  put  into 
water  that  is  near  freezing. 

As  to  the  elevation  of  the  other  4  lines,  which 
the  fpirit  of  wine  rofe  in  the  tube,  during  the 
reft  of  the  day,  it  might  very  well  come  from 
this,  that  the  water  being  afterwards  frozen  Ye- 
ry  hard,  it  had  according  to  cuftom  increafed  its 
bulk,  and  made  an  effort  againft  the  Tides  of  the 
veffel,  and  againft  the  ball-  of  the  thermometer, 
of  which  it  had  by  this  means  diminifhed  the 
bulk. 

After  havino;  siven  him  a  rcafon  for  the  e- 
levation  during  the  day,  it  remained  to  explain 
how  the  fpirit  of  wine  had  been  able  to  rife 
to  fo  great  a  height  in  the  night,  and  from 
whence  the  bubbles  of  air  came,  which  were 
found  mixed  with  it. 

I  could  not  find  a  more  probable  explication, 
not  knowing  how  to  admit  the  fernientation, 
unlefs  it  was  that  the  water  having  continued  to 
freeze  more  and  more,  had  conh  lerably  increaf¬ 
ed  its  bulk,  fu  that  the  Tides  of  the  veffel  not 
being  able  to  give  way,  the  whole  effort  was 
united  againft  the  ball  of  the  thermometer,  whichi 

U  2  not 
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not  having  ftrength  enough  to  refift  it,  for  want 
perhaps  of  not  having  been  perfe6lly  fpherical, 
or  of  the  fame  thicknefs  in  its  whole  extent, 
was  broken ;  and  then  the  prefllire  of  the  ice, 
joined  with  many  bubbles  of  air  which  efcaped 
from  it  one  after  another,  and  were  entered 
into  the  fpirit  of  wine,  had  obliged  it  to  rife 
in  the  tube  to  fo  great  an  height,  being  inter¬ 
rupted  with  bubbles  of  air. 

Thefe  were  the  reafons  I  then  made  ufe  of,  . 
to  explain  to  my  friend  the  experiments  he  had 
communicated  to  me  *,  however,  as  I  was  afraid 
of  being  miftaken  in  my  conjectures,  I  refol- 
ved  the  next  winter  to  make  his  experiment  ; 
but  having  only  one  cold  day  in  1710,  I 
could  not  execute  what  I  had  projected,  and 
was  obliged  to  defer  it  till  this  year  171 1,  in  which 
we  have  had  fome  days  cold  enough  do  it. 

The  2d  of  February  at  1 1  in  the  morning 
the  thermometer,  which  always  is  in  the  eaft 
tower  ob  the  obfervatory,  and  with  which  we 
make  our  experiments,  being  at  24  \  parts,  I 
expofed  upon  the  window  of  this  tower,  which 
looks  to  the  north,  an  iron  mortar  full  of  wa¬ 
ter,  in  the  middle  of  which  I  had  fufpended 
the  ball  of  a  thermometer  which  I  had  carried 
into  the  caves  of  the  obfervatory,  to  have  a  fix¬ 
ed  point  from  whence  I  might  meafure  the  fal¬ 
lings  and  rifings  of  the  fpirit  of  wdne  in  the 
tube,  becaufe  we  know  that  the  temperature  of 
the  air  never  changes  in  thefe  caves,  and  that  it 
,  is  taken  for  a  mean  ftate. 

After  the  thermometer  had  been  a  quarter  of 
an  hour  in  the  water,  upon  which  there  began 
to  be  formed  a  cruft  of  ice,  1  found  that  the 
fpirit  of  wine  was  fallen  in  the  tube  3  inches 
I  line  below  the  mean  ftate,  I  -continued  ob- 

ferving 


Royal  Academy  Sciences.  14^* 

fcrving  it  every  quarter  of  an  hour,  ’till  5  ia 
the  afternoon,  to  fee  the  alterations  which  might 
happen  to  it,  but  I  did  not  obferve  any  du¬ 
ring  the  whole  time,  and  the  fpirit  of  wine  al¬ 
ways  remained  at  the  fame  place,  ’tho  the  wa¬ 
ter  was  continually  more  and  •  more  frozen, 
and  then  feemed  to  m»  entirely  fo  through  the 
mafs ;  the  thermometer  with  which  we  made  our 
experiments  had  not  changed  fince  the  morning, 
and  had  always  remained  at  24  I  parts. 

I  left  my  thermometer  in  experiment,  in  the* 
fame  place,  all  night,  between  the  fecond  and 
third,  and  the  3d  at  8  in  the  morning,  our 
common  thermometer  being  at  2 1  parts,  that  is 
at  3 1  parts  lower  than  the  preceding  day,  I  found 
that  which  was  in  experiment  in  the  ice,  the 
furface  of  which  was  fplit  in  many  places,  pro-, 
bably  by  the  ftrength  of  the  cold,  was  funk 
5  inches  10  lines  f  below  the  mean  ftate,  and  con- 
fequently  2  inches  9  lines  f  lower  than  the  pre¬ 
ceding  day. 

The  fame  day  at  1 1  in  the  morning,  I  put 
the  thermometer,  that  v/as  in  experiment,  near 
our  common  thermometer,  which  was  at  24  f 
parts,  as  the  preceding  day  ;  and  after  having 
left  it  there  fome  time,  I  found  that  which 
was  in  experiment  rifen  again  to  13  lines  above 
what  it  was  at  8  in  the  morning  ;  ever  fince  I 
have  always  left  them  together  to  compare  them. 

The  4th,  at  three  quarters  after  feven  in  the 
morning,  the  common  thermometer  was  23  i 
parts,  and  that  which  was  in  experiment  was 
3  inches  8  lines  below  the  mean  itate. 

The  5th,  at  half  an  hour  after  feven  in  the 
morning,  the  common  thermometer  was  at  26  |- 
parts,  and  that  which  was  in  experiment  was  3  in¬ 
ches  8  lines  below  the  mean  fla'te. 
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The  6th,  at  half  an  hour  after  feven  in  the 
morningj  the  common  thermometer  was  at  25  {• 
parts,  and  that  which  was  in  experiment  was  3 
inches  1 1  lines  below  the  mean  ftate. 

The  7th,  at  half  an  hour  after  feven  in  the 
morning,  the  common  thermometer  was  at  23  | 
parts,  and  that  in  experiment  was  4  inches  3  lines 
below  the  mean  ftate. 

The  8th,  at  three  quarters  after  feven  in  the 
morning,  the  common  thermom'eter  was  at  23 
parts,  and  that  in  experiment,  was  at  4  inches  3 
lines  I  below  the  mean  Itate. 

The  9th,  at  three  quarters  after  feven  in  the 
morning,  the  common  thermometer  was  at  30 
parts,  and  that  which  was  in  experiment  was  at  3 
inches  i  line  \  below  the  mean  ftate. 

■  The  lo^’h,  at  noon,  the  common  thermometer 
was  at  40  parts  and  and  that  which  was  in 
experiment  was  at  i  inch  9  lines  ^  below  the 
mean  ftate,  and  was  plunged  in  the  water  which 
was  come  from  the  ice  in  the  mortar,  and  was 
melted  during  the  preceding  night. 

In  comparing  thefe  experiments  together,  we 
fee  that  the  thermometer  which  was  in  the  ice 
has-  pretty  well  followed  that  which  was  not, 
when  the  cold  became  greater  *,  but  when  it 
diminifhed,  that  which  was  in  the  ice  did  not 
follow  it  fo  well,  and  it  could  not  rife  foeafily 
as  the  other,  becaufe  of  the  cold  of  the  ice,  which 
furrounded  it. 

I  was  furprized  the  2d  of  February^  when  I 
put  my  thermometer  into  experiment,  to  fee 
that  a  quarter  of  an  hour  after  it  was  put  there, 
during  which  time  it  had  funk,  becaufe  before ' 
that  time  it  had  been  in  a  place  lefs  cold  than 
the  open  air,  it  did  not  change  for  fix  hours, 
allho’  the  water  was  entirely  frozen,  but  the  ex¬ 
periments 
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periments  which  I  made  afterwards  fhewed  me 
'the  reafon  of  it,  by  letting  me  fee  that  the  degree 
of  cold  of  the  air,  which  did  not  change  in  thefe 
fix  hours,  was  greater  than  was  necelfary  to  freeze 
the  water,  and  fo  the  thermometer  which  was 
within,  could  not  receive  any  imprcffion  from 
it ;  yet  it  happened  quite  the  contrary  to  that  of 
my  friend,  for  during  the  firfl:  quarter  of  an  hour, 
it  rofe  inftead  of  falling,  from  whence  it  muft  be 
concluded,  that  the  water  was  lefs  cold  than  the 
fpiric  of  wine  of  the  thermometer,  which  was  ex- 
pofed  to  the  air,  and  it  really  was  fo,  for  it 
froze  in  a  very  little  time  ;  but  it  ought  to  have 
funk  afterwards,  fince  the  cold  paffed  through 
the  ice,  which  did  not  happen,  by  the  reafons 
which  are  related  at  the  beginning  of  this  memoir. 

As  to  the  great  height  where  he  found  the  fpiric 
of  wine,  interrupted  by  great  bubbles  of  air  in  the 
tube,  the  next  morning,  it  does  not  appear  to  me 
that  this  effedl  could  proceed  from  any  other  caufe 
than  the  breaking  of  the  bah,  ,as  it  is  here  above 
obferved,  fince  the  temperature  of  the  air  had  hard¬ 
ly  changed  from  that  day  to  the  next. 

It  does  not  feem  to  me,  that  it  can  be  faid, 
that  the  cold  of  ice  is  always  the  fame  cold,  fince 
wc  have  feen  by  the  experiments  juft  mentioned, 
that  the  greater  or  lefs  cold  of  the  air,  is  very  fud- 
denly  felt  upon  the  ball  of  the  thermometer  which 
is  inclofed  in  the  ice,  and  if  the  fpirit  of  v/inc  is 
fufceptible  of  alteration  through  the  folid  ice,  what 
will  it  not  be  when  it  fliall  be  broken,  or  put  in¬ 
to  water. 
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VIII.  New  experiments  on  the  dilatation  of 
the  air^  made  by  M.  Scheuchzer,  upon  the 

*  mountains  of  Switzerland,  with  reflexions 
thereon^  by  M,  Maraldi  tranjlated  by 
Mr,  Chambers. 

*  M.  Scheuchzer  having  fent  feveral  experiments 
on  the  dilatation  of  the  air,  made  on  the  mountains 
of  Switzerland^  in  September  1710,  to  the  Abbe 
Bignon^  who  defired  M.  Scheuchzer  to  make  fome 
further  obfervations,  to  learn  whether  the  dilata¬ 
tion  of  the  air  at  great  heights  follow  the  fame  pro¬ 
portion,  as  near  the  furface  of  the  earth. 

Accordingly  with  a  tube  33  inches  long,  and 
2  lines  in  diameter,  he  obferved  the  height  of  the 
mercury  in  vacuo ^  at  feven  different  ftations,  mak¬ 
ing  the  common  obfervations  at  each  flation,  of 
the  dilatation  of  the  air,  by  leaving  firft  3  inches 
of  natural  air  in  the  tube,  then  6  inches,  then  9, 
and  fo  fucceffively  to  30.  And  he  meafured  the 
height  at  which  the  mercury  flood  in  -the  tube, 
after  the  dilatation,  as  well  as  the  fpace  pofTeffed 
by  the  dilated  air,  after  the  invenion  in  the  low- 
efl  of  thefe  ftations,  the  mercury  flood  in  vacuo 
at  26  inches,  7  lines  ~,  and  in  the  highefl  at  2 1 
inches  6  lines,  fo  that  the  difference  between 
the  height  of  mercury  in  vacuo ^  was  5  inches  ; 

'  now  to  find  whether  the  common  rule  of  the 
•  dilatation  of  the  air  among  us,  be  conformable  to 
the  obfervations  of  M.  Scheuchzer^  I  calculated 
the  fpace  which  the  air  was  to  poffefs  in  the  tube 
after  dilatation,  according  to  this  rule,  and  com¬ 
pared  them  with  the  obfervations  themfelves. 

*  March  27,  1711. 

3  By 
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By  this  comparifon  it  appears  that  the  cab 
culus^  only  agrees  with  obfcrvation  in  the  dila¬ 
tations  anlwering  to  the  3  firft  inches  of  natural 
air,  in  the  reft  the  dilatation  obferved  is  lefs 
than  that  of  the  rule,  as  far  as  the  i8th  inch 
of  natural  air,  where  they  agree  with  each  other 
within  one  or  two  lines*,  but  from  the  i8th  to^ 
the  30th  inch  of  natural  air,  the  dilatation  ob- 
ferved  is  always  greater  than  that  calculated, 
contrary  to  what  obtains  in  the  firft  18  inches, 
the  greateft  excefs  of  the  calculus  above  obfervation 
was  at  the  9th  and  10  inch,  and  was  at  8  or  9 
lines,  and  the  greateft  deficiency  of  the  calculus 
with  regard  to  obfervation  was  10  or  ii  lines, 
at  the  24th  and  27th  inch  of  natural  air: — Which 
Ihew  that  at  great  heights  the  air  does  not  dilate 
at  the  fame  rate  as  it  docs  near  the  furface  of  the 
earth,  and  confequently  that  the  rule  is  not  ge¬ 
neral  for  the  whole  compafs  of  the  air  in  any 
climate. 

In  a  former  memoir  for  the  year  1709,  we 
have  alfo  fhewn  that  this  rule  does  not  hold  even 
in  air,  much  at  the  fame  height,  but  in  climates 
very  different  from  our  own,  as  that  of  MaU 
lacca  in  thtEaft-lndies^  here  by  other  obfefvations 
like  thofe  of  M.  Scbeucbzer^sihrtQ  inches  of  natu¬ 
ral  air,  after  their  dilatation  poftefs’d  a  fpace  of  7 
inches  5  lines  in  the  tube,  whereas  by  the  rule 
it  fhould  have  poflefs’d  9  inches  6  lines 
the  difference  therefore  between  the  obfervation 

and  rule  is  2  inches  i  line. - So  6  inches  of 

natural  air  after  dilatation  pofTcfs’d  i  o  inches  9 
lines  ;  whereas  by  the  rule  the  dilatation  fhould 
have  been  13  inches  3  lines,  the  difference  is  2 
inches  5  lines,  by  which  the  dilatation  of  the  rule 
comes  fhort  of  that  found  by  obfervation,  and 
the  like  is  found  in  feveral  oblervations  made  at 

VoL.  IV.  N^38.  X  Malacca 
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Malacca^  and  calculated  in  the  memoir  above  men¬ 
tioned,  which  fhews  that  in  the  air  ot  Malacca 
the  dilatation  is  much  greater  than  in  ours,  and 
even  than  what  is  found  in  M.  Scheuchzef^  obfer- 
vations. 

There  is  fome  conformity  however  between  the 
obfervations  of  Malacca  and  thofe  of  Zurich  ;  at 
Malacca^  where  the  dilatation  of  the  air  is  dif¬ 
ferent  from  that  of  Pari^^  the  variation  of  the 
barometer  is  lefs  than  at  Paris^  and  the  fame 
holds  with  the  obfervations  of  Zurich^  where 
the  dilatation  of  the  air  is  different  from  what 
It  is  at  Paris^  and  the  variation  of  the  barometer 
lefs  than  what  is  found  either  at  Genoa  or  at  Pj- 
ris  ;  ’tis  tme  at  Malacca  the  dilatation  is  dif¬ 
ferent  from  what  it  is  at  Zurich^  the  dilatation 
obferved  at  the  former  place  being  always  Jefs 
than  whatarifes  from  the  whereas  byM. 

ScheuchzePs  obfervations,  the  dilatation  obferved 
proves  lefs  than  the  calculated  one  to  a'  certain 

term,  after  which  it  is  greater* - ’Tis'obfer- 

vable  that  at  the  loweft  place  where  M.  Scheiich* 
zer  made  his  obfervations,  the  dilatation  of  the 
air  proceeds  differently  from  w'hat  it  does  ztParis^ 
though  the  difference  in  the  height  of  the  mer¬ 
cury,  at  thofe  two  places,  be  only  2  inches,  and 
yet  the  dilatation  proceeds  alike  at  the  feveral 
llations,  obferved  by  y[,Scheuchzer^  tho’ the  dif¬ 
ference  between  the  higheft  aud  loweft  place 
anfwered  to  above  5  inches  of  mercury,  whence 
it  may  be  inferr’d,  that  near  the  furface  of  the 
earth,  the  air  varies  even  in  the  lame  climate, 
but  that  ’tis  more  uniform  at  a  great  height 
therefrom. 

'  M.  Scbeuchzer  made  fome  experiments  in  an 
iron  mine,  where  the  air  was  very  hot,  on  account 
of  the  fire  kept  therein  to  melt  the  oar,  and  found 

the 
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the  height  of  the  mercury  in  vacuo^  as  well  as 
the  dilatation  of  the  air,  the  lame  as  they  were 
out  of  the  mine  in  the  open  air,  which  agrees  with 
the  experiments  related  in  the  memoirs  of  the  year 
1 709,  whereby  it  appears  that  a  great  heat,  as 
that  of  boiling  water,  makes  no  lenfible  altera¬ 
tion  in  the  dilatation  of  the  air. 

IX.  Obfervations  of  fome  ecUpfes  of  the plmiets 
.  and  fixed  Jiars  by  the  moon^  made  in  fever  al 
places^  compared  together  to  determine  the 
differences  of  the  meridians^  by  M,  Caffini 
the  fon^. 

The  obfervations  of  the  eclipfes  of  the  liars  by 
the  moon,  made  in  feveral  places,  being  very 
proper  for  determining  the  geographical  longitudes 
of  thofe  places  *,  we  have  thought  it  necelTary  to 
compare  many  of  thofe  which  have  been  hitherto 
made,  to  draw  this  advantage  from  them. 

Among  thefe  obfervations  there  are  feveral 
which  are  related  in  the  Journaux  des  Scavans^  in 
the  Philofophical  Tranfa^ions  of  the  Royal  Society 
of  London^  and  in  the  Leipjick  A5is^  from  which 
we  have  extradled  thofe  which  have  been  made 
the  fame  time  in  feveral  places. 

Obfervations  of  the  eclipfe  of  the  Pleiades  by  the 
moon,  made  at  Paris,  and  at  Dantzick,  the 
2^d  of  Kng,  1701. 

/  // 

At  13  31  23  at  Paris  the  bright  liar  of  the 

Pleiades  of  the  thir  dmagnicude 
called  Alcyone  by  Riccioli^  en¬ 
ters  into  the  bright  part  of  the 
moon. 

*  Jan.  24,  1 7 1 1 . 

X  2  15 
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h  /  //  •  ' 

15  o  o  at  Dantzick^  Alcyone  enters  into 

the  bright  part  of  the  moon.  ' 

16  6  S5  Danizick,  cmcrfion  from  tbs 

dark  part. 

To  find  by  the  means  of  this  obfer- 
ration  the  difference  of  the  meridians 
between  Paris  and  Dantzick  ;  they 
firft  determined  the  paffage  of  this  ffar 
over  the  meridian  which  happened  at  ^ 

Paris  zt  - -  17  15  34 

Its  right  afeenfion  -  52^  4  30 

And  its  declination  ' — — •  23^^  3  41 

They  have  alfo  calculated  the  right  afeenfion 
and  the  declination  of  the  moon  fome  hours  be¬ 
fore  or  after  its  conjuneflion,  its  diameter,  and  ho¬ 
rizontal  parallax.  ♦ 

By  this  means  they  have  placed  in  a  figure 
which  reprefen ts  the  projedlion  of  the  earth  in  the 
orb  of  the  moon,  the  parallels  of  Paris  and 
Danizicky  and  the  line  that  the  moon  deferibed 
in  paffing  by  this  projeeffion. 

According  to  this  figure,  the  immer- 
fion  of  this  fiar  ought  to  have  hap-  ^ 

zt  Dantzick  cii  ~ —  13  5^  ^ 

,  Which  gives  the  difference  of  the 
meridians  between  Paris  and  this  city  140 
By  which  Danizick  is  more  eafierly,  becaufe 
the  hour  obferved  exceeds  that  which  is  marked 
upon  the  path  of'  the  moon  prepared  for  the 
meridian  of  Paris, 

The  fame  day 

i  b  /  n 

55  '^5  ^^Pcirisy  Meropc  tr\ier%\Tito  the 
bright  part  of  the  moon. 
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h  !  u 

14  24  30  at  Banizick  immerfion  of  Me-^ 

rope  into  the  bright  part  of  the 

moon. 

15  15  20  at  Dantzick  emerfion  out  of  the 

dark  part.  . 

The  pafTage  of  this  ftar  over  the  ^  ^  ^ 

meridian  happened  at  17  14  26 

its  right  afcenfion  was  5i^47  25 

and  its  northern  declination  22^51  55 

By  the  immerfion  of  this  ftar  into 
the  bright  part  of  the  moon,  we  fhall 
have  the  difference  of  the  meridians 
between  Paris  and  Dantzick  to  be  4  34 

^he  fame  Day ^  ' 

h  /  // 

12  21  20  at  Paris  immerfion  of  EleBra^ 

into  the  bright  part  of  the  moon. 

13  40  o  7iX.Danizickf\xvimtx{\oxio{Ele5lr(t 

into  the  bright  part  of  the  moon. 

14  50  o  at  Dantzick  emerfion  out  of 

the  dark  part. 

The  paffage  of  this  ftar  over  the  ,,  / 

meridian  happened  at  17  12  5^ 

its  right  afcenfion  was  51^^25  G 

and  its  northern  declination  22^51  55 

By  the  immerfion  of  this  ftar  into 
the  bright  part  of  the  moon,  we  fhall 
have  the  difference  of  the  meridians  ,, 
between  Paris  and  Dantzick.  l  2  55 

Eclipfe  of  Mars  by  the  Moon^obferved  at  Dantzick^ 
Oxford,  and  Greenwich,  the  (?/*Auguft, 
1676. 

h  /  //  '  .  , 

13  35  42  2it  Dantzick  immerfion  of  Mars 

into  the  bright  part  of  the  moon. 

14  46  29  emerfion  out  of  the  dark  part. 

i  'It 


I 
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h  /  y 

J2  10  42  at  Oxford  immerfion  of  Mars^ 
into  the  bright  part  of  the  moon. 

13  10  41  emerfion  out  of  the  dark  part. 

'  .  12  14  58  at  Greenwich  immerfion  of 

Mars  into  the  bright  part  of  the 
moon. 

13  10  51  emerfion  out  of  the  dark  part. 
There  is  an  error  in  the  hour  of  this  , 
obfervation,  for  inflead  of  —  13 

We  muft  read  -  13 

Which  we  fee  by  comparing  the 
hour  obferved  with  the  correded  hour, 
the  difference  between  thefe  hours 
which  in  all  the  obfervations  is 
In  this  being  only  - - 


/ 

10  51 

15  51 


o 

o 


4 

o 


55 

5 


Having  calculated  the  right  afcenfion,  and  the 
declination  of  Mars^  and  of  the  moon,  at  the 
time  of  its  conjundlion,  and  fome  hours  before  or 
after,  they  defcribed  the  path  of  the  m.oon,  in 
a  figure  which  reprefents  the  projcdlion  of  the 
earth  in  the  orb  of  the  moon,  and  they  have 
there  determined  the  north  pole,  and  the  parallels 
of  Dantzick^  Oxford^  and  Greenwich,  • 

By  the  immerfion  Mars  obferved 
at  Dantzick,,  and  at  Greenwich^  they 
find  the  difference  of  the  meridians 
between  thefe  places  — » 

And  by  the  emerfion  - 

By  the  immerfion  Mars^  obferved 
at  T)antzick2ac\d  Oxford^  they  find  the 
difference  of  the  meridians  between 

thefe  two  cities  -  i  20  23 

And  by  the  emerfion  * - -  i  20  20 

This  obferv^ation  is  related  in  the  Journal  des 
Scavans  of  the  i8ch  of  Jan.  1677,  where  it  is 
remarked  that  Dr.  Halley  having  carefully  con- 

fidered 


h 

I 


15 

15 


ff 
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fidered  the  parallaxes  of  the  moon  in  the  obferva- 
tions  of  this  eclipfe  made  at  Oxford^  at  Bantzickj 
and  at  Greenwich^  he  found  by  the  immerfion  of 
Mars 

The  difference  of  the  meridians  be¬ 
tween  Greenwich  and  Dantzick  to  be 
And  between  Greenwich  Viud  Oxford 
And  by  the  emerfion  of  the  fame 
planet  the  firff  of  thefe  differences  is 

found  to  be  - - 

And  the  laft  - - 

Thefe  differences  of  the  meridians  that  Bx.HaU 
ley  has  probably  found  by  the  old  method,  which 
is  by  calculating  the  parallax  of  the  moon  at  feve- 
ral  heights,  agree  within  a  few  feconds  with  thofe 
that  I  have  found  by  the  method  of  the  projedion 
of  the  earth  in  the  orb  of  the  moon. 

Suppofing  the  difference  of  the  me¬ 
ridians  between  the  obfervafory  of  Pa- 
m  and  that  of  Greenwich  to  bt  '  9  lo 

As  we  have  determined  by  the  ob- 
fervations  of  the  Satellites  of  Jupiter y 
we  fhall  have  the  difference  of  the  me¬ 
ridians  between  and  I  55^ 

A  little  greater  than  that  which  is  determined 
by  the  obfervation  of  the  Pleiades  made  at  Parity 
and  at  Dantzick, 

Eclipfe  of  Jupiter  by  the  moon  obferved  at  Paris, 
London,  Greenwich,  Nuremberg,  Leipfick, 
Avignon,  April  10,  1686. 

h  /  // 

9  40  2 1  at  Paris  Jupiter  touches  the  moon. 

9  41  20  he  quite  disappeared  in  the  inequal- 

lities  of  the  moon’s  limb. 

10  30  2  the  preceding  fatellite  emerges. 

10 


n 


14  50 

4  59 


14  41 

4  5Q 
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10  40  24  the  firft  limb  of  Jupiter  begins  to 
emerge  out  of  the  dark  fide. 

10  40  56  the  centre  of  Jupiter  emerges  out  of 
the  moon. 

10  41  36  Jupiter  is  intirely  emerged. 

10  42  49  the  neareft  fateliite  to  emer¬ 

ges  if,  is  diftant  from  Jupiter. 
‘  10  45  I  the  next  fatellite  emerges,  it  is  di¬ 
ftant  from  Jupiter  a  little  lefs  than 
two  of  his  diameters. 

10  50  40  the  laft  fatellite  emerges. 

5  33  o  2Li  London^  immerfion  of  the  centre 
doubtful,  becaufe  the  limb  of  the 
moon  was  not  well  terminated. 

10  30  o  beginning  of  the  emerfion. 

10  31  20  Jupiter  is  intirely  emerged. 

9  32  30  at  Greenwich  the  limb  of  Jupiter 
touches  the  moon. 

9  33  42  intirely  hid. 

10  30  30  A  little  part  of  emerged. 

10  31  36  intirely  emerged. 

10  19  56  at  Nuremberg  by  M.  Zimmermam 
Jupiter  touches.  . 

10  20  47  Jupiter  intirely  hid. 

11  22  51  intirely  emerged. 

II  25  43  the  fatellite  which  is  in  the  middle  of 
the  three  emerges. 

II  31  6  the  third  fatellite  emerges. 

10  20  50  at  Nuremberg  by  M.  Wurtzelhurg 
Jupiter  touches. 

10  22  o  Jupiter  half  eclipfed. 

10  22  30  wholly  hid. 

11  19  40  Jupiter  bz^pLn  to  emerge. 

II  21  20  wholly  emerged. 


Royal  Academy  ^SctENCEs.  161 

h  /  // 


At 


10  30  33 

31  4 

31 33 

11  35  o 
II  7  .9 

<W 

7  54 

^  39 

II  49  15 

'  50  o 
II  50  45 
9  42  13 

10*  45  26 


at  Leip/ick^  the  limb  of  "Jupiter 
touches  the  moon, 
immerfion  of  the  centre.  .  . 
Jupiter  intirely  hid.  ; 

Jupiter  entirely  emerged.  [There 
is  here  an  error  of  the  prefs.^ 
at  Dantzick^  the  limb  Jupiter 
touches  the  moon, 
immerfion  of  the  centre. 

Jupiter  intirely  hid. 
beginning  of  the  emerfion. 
emerfion  from  the  centre, 
total  emerfion  of  Jupiter. 
at  Avignon^  immerfion  of  the 
centre  of  Jupiter. 
emerfion  of  the  centre. 


By  the  firfl  obfervatiommade  at  Pa^is^ 
and  at  Greenwich.,  when  Jupiter  touched 


the  moon,  they  find  the  difference  of  the  , 
meridians  between  thefe  two  places  9  20 

By  the  total  immerfion  -  9  33 

When  a  part  of  Jupiter  was  emerged  9  20 
When  Jupiter  was  entirely  immerged  934 
By  the  obfervation  made  at  Paris.,  and 
at  London.,  they  find  the  difference  of  the 
meridians  between  thefe  two  cities,  when 

Jupiter  began  to  emerge  - - —  9  50 

When  he  was  intirely  emerged  ,  10  o 

By  the  obfervation  made  at  Nuremberg 


by  M.  Wurtzelhaurg,  they  find  the  diffe-  . 
rence  of  the  meridian  between  Paris  and 
that  town  when  Jupiter  touched  the  moon  35  30 

By  the  central  immerfion  - r  35  Q 

When  Jupiter  was  intirely  hid  34  45 


VoL.IV.  N^39. 


Y 


When 
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When  began  to  emerge  \  '  34  55 

When  he  was  entirely  emerged  '  *  35 

M.  Zimmerman'^s  obfervation’ gives  a  difference 
of  fome  feconds  which  probably  proceeds  from  the 
manner  of  regulating  the  clock. 

By  the  obfervation  made  at  Leipfick^ 
they  find  the  difference  of  the  meridians 
between  Paris  and  that  town,  when  Ju~ 

filer  touched  the  moon  -  *  40  10 

By  the  immerfion  of  the  centre  40  o 

When  Jupiter  was  intirely  hid.  39  50 

,  By  the  obfervation  made  at  Dant- 
zick^  we  find  the  difference  of  the 
meridians  between  Paris  and  that  . 


town,  when  the  limb  of  Jupiter  touch-  ^ 

ed  the  moon  — - -  154 

By  the  immerfion  of  the  centre  of 

Jupiter  -  -  I  4  44 

When  Jupiter  was  intirely  hid  i  439 

When  Jupiter  begun  to  go  out  of 

the  moon  -  —  i  4  55 

By  the  emerfion  of  the  centre  i  4  40 

By  the  total  emerfion  — ^  i  4  15 


As  for  the  obfervation  at  Avignon^  it  would  be 
ufelefs  to  compare  it  with  that  which  has  been 
made  at  Paris^  there  being  probably  fome  er¬ 
ror  in  the  time  marked  by  the  clock,  fince  the 
difference  between  the  hour  of  the  immerfion  from 
the  centre  of  Jupiter  into  the  moon  *,  and  that 
which  was  obferved  at  Paris^  is  only  two  mi¬ 
nutes. 


Taking 
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Taking  a  mean  between 
the  differences  of  the  meri¬ 
dians  which  refult  from 
thefe  obfervations,  we  flaall 
have  the  difference  of  the 
meridians  between  Paris  ^ 

and  London  -  9  55  to  the  weft. 

Between  Paris  and  the 

Greenwich  9  25  - - — 

Between  Paris  and  Nu¬ 
remberg  —  —  35  2  to  the  eaft. 

Between  Paris  and 

Leipjick  —  —  40  o  - — - 

Between  Paris  and 

Lantzick  -  i  4  43  — . .  . 

Eclipfe  of  Jupiter  hy  the  moon^  ohferved  at 

Avignon,  London,  and  Totteridge,  May 
the  yth^  1686. 

/  // 

15  37  23  zt  Avignon y  immerfion  of  the  centre 

of  Jupiter  into  the  moon. 

16  28  24  emerfion  of  the  centre. 

15  3  30  at  Totteridge^  beginning  of  the  im- 

merfion  of  Jupiter  into  the  moon. 

The  latitude  of  is  51  39 

.  And  according  to  Dr.  Halley^  this  place  is 
25  feconds  to  the  weft  of  London^  and  is  9  miles 
diftant  from  it. 

^  !  n 

15  A9  o  at  London i  total  emerfion  of  Jupiter. 


Y  2 
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Although  the  obfervatlon  at  Avignon 
was  made  when  the  centre  of  Jupiter  en¬ 
tered  into  the  moon,  and  when  it  went  out, 

‘  we  may  however  compare  it  with  thofe 
which  were  made  at  ^otteridge  and  Lon¬ 
don,,  at  the  beginning  of  the  immerfion, 
and  at  the  end  of  the  emerfion,  by  the 
m_^ms  of  the  diameter  of  Jupiter  which 
was  then  ' - : - 

By  'the  ’  firfl:  obfervation  we  find  the 
difference  of  the  meridians  between  Avig^ 
-non  and  Totteridge  - - 

By  the  emerfion  of  Jupiter  oblerved  at 
^London,,  we  have  the  difference  of  the 
meridians  between  Avignon  and  London 

If  we  fubftraft  from  the  difference  of 
the  meridians  that  we  have  juft  found  be¬ 
tween  Avignon  and  Totteridge^  2 5  feconds,  * 
‘  by  v^hichTotteridge  is  more  wefterly  than 
London,,  we  lhall  have  the  difference  of 
the  meridian  between  Avignon  and  Lon¬ 
don  -  —  - 

.Taking  a  mean  between  the  differences 
which  refult  from  thefe  obfervations,  we 
fliall  have  the  difference  of  the  meridians 
between  Avignon  and  London  — 

From  which  if  we  fubftrafl  the  diffe¬ 
rence  between  London  and  Paris,,  which 
we  have  found  by  the  obfervations  of  the 
fatellues  of  Jupiter^  to  be  , — 


/  n 

o  50 

20  20 

19  20 

19  55 

19  40 

9  40 

We 
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We  fhall  have  the  diiFerence  of  the 
meridians  between  Paris  and  Avignon y 
by  which  Avignon  is  more  to  the'eaft 

This  difference  agrees  with,  that  which 
we  have  found  by  the  triangles  of  the 
meridian  .  — .  -  . 

r 

'  .  .  S  *  i  v'  '  •  ■ 

'  ,  •  .  •  .  ^  ^  P  r 
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PAPERS  contained  in  the  Abridgment 
of  the  History  and  Memoirs  of  the 
Royal  Academy  of  Sciences  at 
Paris,  for  the  Year  Mdccxii, 

In  the  HISTORY. 

I.  T  T  PON  kes. 

II.  On  the  frogrejjive  motion  of  fome  fhell- 
fifhesy  or  fea-animals. 

III.  On  the  declination  of  the  needle, 

IV.  Of  a  cavern  V)hich  is  exceedingly  cold>  in  fum- 
mer, 

V.  Of  a  fpring  which  makes  the  teeth  drop  cut. 

VI.  Of  the  rifing  of  the  fea  in  the  freights  ^/Do¬ 
ver,  when  the  tide  ebbs. 

VI I.  On  the  principal  organ  of  vifion^  and  on  the 

■  f  rupture  of  the  optic  nerve. 

VIII.  On  the  experiment  of  the  eyes  of  the  cat 
immerged  in  water. 

IX.  On  the  re-produ^tion  of  fome  parts  of  cray^ 
fifhesj  lobjlers^  See. 

In  the  MEMOIRS. 

I.  Obfervations  on  the  rain.,  and'  iipcn  the  thermo- 
meter  and  barometer  at  the  royal  obfervatory 
during  the  year  1711,  by  M.  de  la  Hire. 


II. 
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II.  A  compartfon  of  the  ohfervations  made  at  Zu- 
rick,  on  the  rain^  and  on  the  barometer^  with 
the  foregoing^,  during  the  fame  year. 

III.  Of  the  flux  and  reflux  of  the  fea^  by  M,  Caf- 

fini  the  fon.  '  '  ^ 

IV  Refleblions  on  the  obfervations  of  the  barometer^ 
taken  from  a  letter  written  from\^yp{A  in  Swe¬ 
den,  by  M.  Vallerius,  direblor  of  fever  al  mines 
of  copper  in  thofe  parts^  by  M.  de  la  Hire  the 
fon. 

V.  A  continuation  of  the  obfervations  on  the  be^ 
zoar^i  by  M,  Geoffrai,  jun,^  _ 

VI.  A  machine  to  difengage  the  horfes  abfolutely  and 
at  once  from  a  coach^  when  they  are  head-flrong 
and  run  away^  by  M.  de  la  Hire  the  fon. 

VII.  A  comparifon  of  the  obfervations  of  the  eclipfe 
of  the  moon.,  Jan.  23,  1723,  in  the  evening., 
made  at  Nuremberg,  by  J.  P.  Wurfeibaur; 
and  at  Paris,  at  the  royal  obfervatory.,  by  Mejf 
de  la  Hire. 
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Philosophical  Discoveries  and  Ob- 

t 

sERVATioNs  in  the  History  of  the 
Royal  Academy  of  Sciences  at 
Parisy  for  the  Year  1712, 

I.  Oh  Bees. 

TH  O’  the  reputation  of  bees  is  very  ancient, 
and  well  eftablifhed,  yet  they  have  not 
•been  thought  fo  wonderful  as  they  really  are; 
and  we  may  fay  of  them,  as  we  fometimes  fay  of 
.perfons  of  merit,  that  they  improve  upon  being 
acquainted  with  them.  M.  Maraldi^  who  has 
obferved  them  for  many  years,  with  attention, 
and  diligence,  has  given  a  very  advantageous  and 
circumftantial  teftimony  concerning  them  ;  which 
we  (hall  reduce  to  the  points  of  greateft  impor¬ 
tance,  and  the  moft  eafy  to  be  underftood. 

The  bee  gathers  both  wax  and  honey  from 
flowers,  but  not  with  the  fame  organs.  As  the 
honey  is  a  liquid  fubftance,  which  exudes  from 
the  flowers  by  tranfpiration,  the  bee  fucks  it  with 
a  tube  from  the  bottom  of  the  empalements,  and 
attacks  only  thofe  where  the  empalemcnt  is  not 
too  deep  for  the  length  of  its  tube,  when  it  is  at 
full  ftretch  ;  for  it  is  bent  double  when  the  bee  is 
not  gathering  honey.  The  liquor  fucked  up  by 
this  tub*e,  is  drawn  into  a  little  bladder,  tranfpa- 
rent  enough  to  fhew  the  colour  quite  thro’.  Part  of 
it  ferves  for  the  nourilhment  of  the  animal,  and  is 

t  diftri- 
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diftributed  into  its  veffels.  We  flialJ  fay  what  be¬ 
comes  of  the  other  in  its  proper  place.  As  for 
the  wax,  which  is  the  duft  of  the  fummits  of  the 
flowers,  the  bees  take  it  with  their  fore-feet,  and 
put  it  into  a  little  cavity,  which  they  have  in  their 
hinder- feet.  They  often  fqueeze  and  prefs  it  with 
their  feet,  not  only  that  they  may  have  room  for 
more,  but  alfo  to  reduce  it  into  a  fitter  form  for 
being  carried  away.  Sometimes  they  roll  them- 
felves  upon  the  flowers,  v/hen  they  are  wet,  to 
carry  off  little  particles  of  wax,  which  will  flick 
to  the  hairs  that  cover  their  whole  body,  and  ib 
load  themfelves  on  all  fides. 

When  the  bee  is  returned  to  the  hive  with  its' 
harvefl,  it  either  unloads  itfelf  in  an  inftant  *,  or 
if  it  is  not  able,  is  fure  to  be  affifled  by  others. 

The  defign  of  gathering  the  wax,  is  to  form 
that  wonderful  ftrutflure  called  a  comb :  it  is  for 
this,  that  the  bees  have  alv/ays  been  admired  ;  and 
are  ftill  more  admirable  than  has  been  imagined. 
The  hexagonal  figure  which  they  give  to  the  cells 
of  their  comb,  would  be  worthy  of  the  befl  geo¬ 
metricians,  who  know  that  any  number  of  thefe 
figures  fills  a  fpace  without  leaving  any  void  ;  and 
that  this  figure  alfo,  which  has  that  in  common 
with  the  fquare  and  equilateral  triangle,  has  cer¬ 
tainly  the  advantage  of  containing  a  greater  fpace 
in  the  fame  circumference.  And  befides,  of  all 
the  geometrical  ways  of  .working,  they  have 
(ihofen  that  which  is  at  the  fame  time  the  moft 
Ample,  and  the  moft  convenient  for  them  \  and 
confequently  they  have  made  a  very  ingenious 
choice. 

Though  there  feems  to  be  nothing  in  a  hivT, 
but  a  continual  and  irregular  agitation  of  feveral 
thoufands  of  infeefls,  flying  about  at  random,  yet 
there  is  in  reality  a  great  order  \  but  it  muft  be 
VOL.IV.  N^39.  Z  ftudied 
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(ludied  with  care.  The  labours  are  diftributed  aa 
among  the  beavers.  Some  bees  bring  wax  be¬ 
tween  their  two  jaws,  and  perhaps  they  pour  out 
fome  liquor  upon  it,  which  dilutes  and  foftens  it ; 
fometirnes  the  fame  bees  raife  from  this  wax  the 
little  walls  of  the  hexagonal  cells  ;  fometirnes 
others  have  this  office  *,  but,  in  fhort,  thofe  which 
raife  the  cells  are  not  thofe  which  poliffi  the 
work  *,  they  are  fucceeded  by  others  which  are 
commiffioned  to  make  the  angles  more  exadl,  to 
fmooth  and  polifli  the  furface,  and  to  give  the 
laft  hand  to  every  thing.  And  as  this  cannot  be 
done  without  cutting  off  fome  particles  of  wax, 
and  as  the  bees  are  extremly  frugal,  fome  take 
care  to  carry  away  thefe  particles,  which  we  may 
be  fure  will  not  be  loft.  M.  Maraldi  has  oh- 
ferved,  that  the  bees  which  raife  the  walls,  work 
lefs  time  than  thofe  which  polifti  them,  as  if  the 
labour  of  polifhing  was  the  leaft  fatiguing. 

Their  diligence  is  extreme.  A  comb  of  a  foot 
in  length,  and  6  inches  in  breadth,  containing 
near  4000  cells,  is  finiftied  in  a  day.  For  this, 
however  they  muft  have  all  circumftances  favour¬ 
able. 

They  faften  one  comb  to  the  top  of  the  hive, 
from  whence  they  work  downwards,  provided  the 
top  is  not  a  moveable  lid  ;  for  if  it  is,  they  will 
perceive  it,  and  faften  their  comb  elfewhere.  It 
is  not  properly  wax  that  they  faften  it  withal  ; 
they  are  very  fparing  of  that,  and  make  ufe  of  a 
very  coarfe  glue. 

As  the  combs  are  planes  perpendicular  to  the 
bafe  oi  the  hive,  which  I  fuppole  to  be  circular, 
if  there  was  one  of  them,  of  which  the  bottom 
was  a  diameter,  or  an  intire  chord  of  this  bafe,  it 
would  cut  the  hive  into  two  parts,  wdiich  could 
have  no  communication  together.  The  bees  fore¬ 
fee 
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fee  this  inconvenience,  by  not  making  their  combs 
of  fo  great  an  extent,  and  leaving  between  two 
neighbouring  combs,  which  are  almoftin  the  fame 
plane,  a  fpace  by  which  two  bees  may  pafs  a- 
breaft.  They  alfo  leave  fome  openings  in  each 
comb,  that  they  may  not  be  obliged  to  go  fo  far 
about.  Here  is  a  city  built  with  a  great  deal  of 
skill. 

The  cells  of  the  combs  are  intended  for  two 
ufes.  I.  They  are  their  magazines  *,  they  referve 
in  them  the  honey,  which  is  to  be  their  nourifh- 
ment  in  winter.  For  of  that  which  they  take 
upon  the  flowers,  and  which  enters  into  the  ve- 
ficle  that  we  have  fpoken  of,  there  is  but  a  fmall 
part  which  ferves  for  their  a<5lual  nourifliment, 
they  throw  out  the  reft  when  they  return  to  their 
hive,  and  make  provifion  of  it.  Befides,  they 
keep  in  ihe  cells  already  made,  the  wax  which  is 
to  be  ufed  to  make  others  j  or  to  ferve  for  any 
other  purpofe. 

2.  The  ceils  are  the  cradles  for  the  young  ones. 
But  whence  do  thefe  young  ones  come  ?  It  is  one 
of  the  greateft  difficulties  relating  to  this  fubjc<5l 
to  make  the  difeovery. 

The  fabulous  traveller  who  fpeaks  of  a  nation, 
where  there  is  no  diftindlion  of  fexes,  and  where 
he  could  not  difeover  how  generation  was  per¬ 
formed,  might  have  taken  this  thought  from  the 
bees ;  and  Virgil  was  not  in  the  wrong  to  praife 
their  chaftity,  or  even  to  believe  the  fable  of  the 
bull,  for  want  of  a  better.  In  a  whole  hive  com- 
pofed  of  8  or  1 0,000  bees,  there  is  but  one  per¬ 
haps  which  breeds.  It  is  longer,  and  of  a  more 
lively  colour  than  the  reft  •,  it  has  a  grave  and  a 
folemn  deportment,  and  is  what  they  commonly 
call  the  king.  There  are  fometimes  2  of  thefe,  or 
at  moft  3  in  a  hive,  which  has  caufed  a  fufpicion, 

Z  2  that 
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that  the  priviledge  of  generation  belongs  only  to 
one,  for  it  appears  from  M.  Maraldt*%  obferva- 
tions,  that  it  belongs  only  to  this  royal  fpccies. 
The  whole  body  of  the  people  is  condemned  to  ' 
barrennefs. 

.  Moft  commonly  the  king  breeds  his  young  in 
fuch  parts  of  the  hiv'e  where  he  cannot  be  ob- 
ferved  5  but  when  by  good  fortune  he  makes 
choice  of  others  more  expofcd  to  view,  it  is  ftill 
generally  very  difficult  to 'fee  him,  becaufe  the 
bees  draw  a  curtain  before  him.  This  curtain  is 
their  ownfelves  hung  from  top  to  bottom,  and 
hooked  to  each  other  by  little  hooks  that  they 
have  in  their  feet.  By  this  means  they  can  make 
fuch  figures  in  the  air  as  they  pleafe.  The  king 
conceals  himfelf  thus ;  either  out  of  care  for  his 
young,  or  perhaps  through  modefty  *,  for  there  is 
nothing  that  we  may  not  imagine  of  the  bees. 
But  however  he  has  not  always  been  able  to  efcape 
M.  Maraldih  eyes.  He  has  perceived  him  to  be 
followed  by  a  court,  moving  with  his  folemn  air, 
and  depofiting  in  8  or  10  cells,  one  after  another, 
fo  many  little  white  worms,  which  are  afterwards 
to  be  changed. to  bees.  Whilft  this  is  doing,  it 
appears  by  fome  particular  motions  of  the  bees 
which  compofe  his  retinue,  that  they  carefs,  ap¬ 
plaud,  or  encourage  him.  After  this  he  retires 
into  the  inner  part  of  the  hive,  from  whence  he 
feldom  comes  out. 

By  ihe  8  or  10  worms,  which  he  depofits  one 
after  another,  in  the  little  time,  and  in  the  cir- 
cumftances  that  have  been  obferved,  we  may 
judge  of  his  fruitfulnefs  during  the  reft  of  the 
time\  when  he  is  not  perceived  ;  that  is,  during 
almoft  the  whole  year.  It  muft  needs  be  prodi¬ 
gious.  When  he  is  fingle  in  a  hive,  which  is 
moft  ufual,  he  is  the  only  one  that  produces :  there 
•  '  comes 
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comes  out  of  this  hive  in  the  compafs  of  a  year, 
one  fwarm  at  lead,  which  may  confi ft  of  12  or 
1 5,000  bees ;  fometimes  there  come  out  2  or  3  ; 
and  yet  it  is  as  full  at  the  end  of  the  fummer,  as 
it  was  at  the  beginning  of  fpring.  A  new  fwarm 
therefore,  if  it  is  ihe  only  one  of  the  year,  muft 
confift  merely  of  the  king’s  family,  fuppofing 
there  are  none  but  young  bees  in  it ;  and  if  there 
are  any  old  ones  in  it,  there  remains  in  the  hive 
an  almoft  equal  number  of  the  young  ones,  which 
were  produced  by  the  king,  which  comes  to  the 
fame  thing.  It  is  not  probable  that  the  king 
which  comes  out  of  the  hive  with  the  new  fwarm, 
has  produced  any  part  of  the  bees  which  accom¬ 
pany  him.  But  if  there  comes  in  a  year  more  than 
one  fwarm  out  of  a  hive,  they  muft  ftill  be  new 
produdlions  to  be  placed  to  the  account  of  the  old 
king,  unlefs  for  fear  of  carrying  his  fruitfulnefs 
too  far,  we  fhould  fufpecft  that  he  has  produced 
more  than  one  king  ;  that  there  went  out  but  one 
with  the  firft  fwarm,  and  that  the  other,  or  two 
others  remained  in  the  hive,  and  produced  their 
young.  If  this  be  fo,  a  king  may  come  forth 
with  an  entire  new  fwarm  produced  by  himfeJf, 
and  fo  be  literally  the  father  of  his  people  1  whereas 
the  other  kings  will  only  be  the  brothers,  becaufe 
they  came  from  the  fame  bee.  Which  way  fo- 
ever  we  take  it,  they  have  this  particular  privilege, 
that  their  king  is  given  them  by  nature  herfclf. 

It  remains  to  inquire  from  whence  his  fruitful¬ 
nefs  is  derived,  and  whether  it  is  from  any  copu¬ 
lation.  There  is  hardly  any  hive  wherein-  we  do 
not  find  fome  drones,  and  fometimes  feveral  hun¬ 
dreds  of  them.  They  are  made  like  the  bees, 
only  they  are  about  7  longer  and  thicker,  and 
have  no  fling.  They  have  none  of  the  laborious 
temper  of  the  bees,  and  remain  abfolurely  idle. 

They 
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They  go  very  little  out  of  the  hive,  unlefs  in 
very  fine  weather,  and  return  again  without  bring¬ 
ing  any  thing  with  them.  Not  but  that  their  ve- 
ficle  is  filled  with  honey,  but  they  are  fufpedled  to 
have  robbed  the  hive  of  it,  becaufe  they  are  not 
feen  to  fettle  upon  flowers.  And  even  if  they 
fhould  go  to  gather  any,  it  would  be  only  for 
themfelves,  and  not  for  the  publick  good ;  for 
M.  Maraldi  has  found,  that  upon  fqueezing  their 
veficle,  there  came  no  honey  out  of  it,  as  there 
does  out  of  the  bees;  and  fo  the  drones  are  not 
capable  of  throwing  it  out  again.  We  might  ima¬ 
gine  thefe  animals  to  be  the  males  of  the  great  bee 
or  king;  and  that  they  are  fufFered  in  the  hive  only 
becaufe  their  idlenefs  would  be  fufficiently  recom- 
penfed  by  this  important  fun(5lion.  And  what 
would  fupport  this  opinion,  is,  that  at  the  end  of 
the  fummer  the  bees  make  war  upon  the  drones 
without  mercy,-  kill  them,  or  drive  them  out  of 
the  hive  without  quarter,  fo  that  we  do  not  know 
what  becomes  of  them  afterwards.'  One  would 
think  that  the  caufe  of  their  misfortune  might  be 
their  being  become  abfolutely  ufelefs,  becaufe 
they  do  not  perform  the  work  of  generation  in 
winter.  But  what  caules  a  great  deal  of  difficulty 
is,  that  M.  Maraldi  has  feen  fome  combs  without 
drones  in  fummer,  and  at  a  time  when  the  cells 
were  well  fupplied  with  little  worms. 

The  myftery  of  the  generation  of  bees  remains 
therefore  pretty  much  concealed,  but  the  care 
which  they  all  take  in  common  of  their  young 
ones  which  they  have  not  brought  forth,  and 
which  belong  only  to  their  king,  is  very  vifible 
and  remarkable.  They  feem  to  be  regarded  as 
children  of  the  ftatc.  They  give  each  little  worm 
in  its  cell  fome  drops  of  liquor  for  its  nourifh- 
ment,  and  then  make  a  waxen  cover  for  the  cell. 

i  Thefe 


Royal  Academy  oJ  Sciences.  175 

Thefe  different  operations  have  their  regular  times, 
and  are  without  doubt  for  the  ufes  of  the  embyron. 
We  leave  the  particulars  of  this  to  M.  Maraldi^ 
as  alfo  thofe  of  the  fucceffive  growths  of  the  worm, 
which  being  at  laft  changed  to  a  fly,  pierces 
the  lid  of  its  cell,  and  after  continuing  feme  time 
in  a  languid  ftate,  flies  about  with  the  reft.  It 
is  remarkable,  that  the  bees  carry  their  frugality 
to  fuch  a  length,  that  they  will  not  fuffer  this 
broken  lid  to  be  loft.  They  take  up  the  wax,  and 
carry  it  into  the  common  magazine,  to  be  ufed 
anew;  at  the  fame  time  they  give  the  cell  its  re¬ 
gular  figure,  if  it  has  been  altered,  and  put  it  in  a 
condition  to  ferve  again  for  the  fame  purpofe,  there 
have  been  worms  fometimes  running  in  the  fame 
cell,  in  3  months  time. 

The  drones  proceed  from  the  king  as  well  as 
the  bees ;  there  are  in  the  combs  cells  larger  than 
the  reft,  intended  for  the  worms  which  are  to 
change  to  drones,  and  confequently  require  more 
room  ;  thefe  worms  are  produced  by  the  king  with 
the  fame  ceremony,  and  afterwards  treated  by  the 
public  with  the  fame  care,  as  thofe  which  are  to 
be  bees  ;  all  is  equal  hill  the  end  of  fummer,  but 
when  the  time  is  come  for  the  bees  to  declare  war 
againft  the  drones,  their  fury  extends  even  to  thofe 
which  are  yet  but  worms;  they  break  the  lids  which 
they  themfclves  had  put  over  them,  and  pull  them 
out  to  kill  them,  and  throw  their  little  carcaffes 
out  of  the  hive,  a  change  very  difficult  to  be  com¬ 
prehended  in  fo  wife  a  nation. 

We  omit  a  great  many  particulars  related  by  M, 
Maraldi^  to  mention  all  the  wonders  of  this  infect 
wouldcarry  us  too  fir ;  and  how  many  infeefts  have 
their  wonders  yet  unknown  ?  and  how  many  others 
have  theirs,  which  will  be  unknown  for  ever? 


An 
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An  explanation  of  the  figures  in  plate  IV. 

Fig.  J.  The  king,  or  pother  queen  of  the  bees 
in  its  natural  bignefs. 

2.  The  drone  in  its  natural  {fate. 

3.  The  bee  in  its  natural  ftate. 

4.  The  trunk  of  the  bee  extended  in  length, 
and  larger  than  nature,  with  the  4  branches  a 
little  feparated  from  one  another  to  fhew  them 
the  better. 

5.  The  head  of  the  bee  to  fhew  its  jaws.- 

6.  The  leg  of  the  bee  magnified,  detached 
from  the  body  of  the  bee,  and  loaded  with  wax. 

7.  The  bafe  of  the  cell  in  a  horizontal  fituation^ 
to  fhew  more  plainly  the  figure  of  the  egg  imme¬ 
diately  after  it  is  laid,  and  in  what  manner  it  is 
ufually  placed  upon  its  bafe. 

8.  The  bafe  of  the  cell  in  its  vertical  and  natu¬ 
ral  fituation,  with  its  egg  changed  into  a  worm 
or  maggot,  and  furrounded  with  a  final!  quantity 
of  liquor  4  days  after  it  is  hatched. 

9.  The  worm  inlarged  8  days  after  it  is  hatch¬ 
ed. 

10.  The  fame  worm  12  days  after  it  is  hatch¬ 
ed,  having  changed  its  figure  and  fituation. 

11.  The  fame  worm  changed  into  a  Chryfalis 
larger  than  nature.  Ic  reprefents  the  bee  while  it 

.  is  yet  white  and  foft. 

12.  The  figure  of  a  cell  detached  from  the  reft 
and  feen  on  the  outfide. 

13.  A  part  of  a  comb  which  fhews  in  what 
manner  the  cells  are  ranged  in  the  two  oppofitc 
faces  of  the  comb. 

.  14.  A  piece  of  comb  which  reprefents  the 

cells  feen  on. the  infide,  with  the  apertures 
ftrengthened  with  a  rim. 
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15.  Several  cells  from  which  the  fidcs  have 
been  taken  off  only  to  (hew  their  bafes.  This 
figure  fhews  how  the  bafes  are  ranged  with  regard 
to  each  other  ;  and  in  what  manner  the  two  or¬ 
ders  of  cells  are  formed  in  the  2  faces  of  the 
comb.  For  the  angle  A  reprefents  the  concave 
folid  angle  at  the  bottom  of  the  cell  in  one  face 
of  the  comb  ;  the  angle  B,  and  the  others  of  the 
fame  order  fhew  the  folid  angle  which  is  convex 
in  the  fame  face  of  the  comb,  but  concave  in  the 
oppofite  face,  and  is  found  at  the  bottom  of  the 
cell  oppofite  to  the  firff. 

16.  Reprefents  a  canal,  the  origin  of  which  is 
at  A,  where  the  4  ^landulous  bodies  are,  and  its 
extremity  in  B. 

17.  Reprefents  a  part  of  the  fame  canal  much 
larger  than  nature,  to  fliew  more  diftindlly  the 
two  wings  which  are  at  A,  the  bag  B,  and  the  2 
ligaments  CC. 

18.  The  bag  A  larger  than  in  the  preceding 
figure,  to  diftinguifh  thofe  folds  in  which  the  fe- 
minal  matter  paffes. 

19.  Is  the  fame  portion  of  the  canal  as  in 
jig,  18.  but  feen  on  the  other  face,  where  are  the 
5  portions  of  black  rings,  and  of  the  confidence 
of  horn,  which  embrace  a  part  of  the  exterior  cir¬ 
cumference  of  the  canal, 

IT  On  the  progrejjive  motion  of  jome  JhelU 
fifbes^  or  fea-animals. 

This  is  the  continuation  of  a  fubjedl  begun  in  ' 
the  hiftory  of  1710*.  Natural  hiftory  is  immenfe, 
and  that  part  of  it  which  is  expofed  to  our  eyes, 

*  See  vol.  III.  page  321  of  this  abridgment. 

VoL.  ly.  39.  A  a 
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18  nothing  almoft  in  comparifon  of  what  is  more 
concealed,  and  cannot  be  difcovcred  without  a 
great  deal'of  time,  leifure,  patience,  fkill,  and  a 
fort  of  eyes  which  every  body  is  not  endowed 
with. 

The  razor-fifh  is  an  animal  inclofed  in  a  fhell, 
almoft  after  the  fame  manner  as  a  knife  or  razor 
is  in  a  round  ftieath.  This  fhell  is  formed  of  2 
halves  of  a  hollow  cylinder,  cut  along  its  axis^  or 
length,  and  thefe  two  pieces  are  joined  on  both 
fides  by  a  membrane  which  fuffers  them  to  re¬ 
cede  a  little,  and  approach  again.  The  animal 
which  inhabits  this  cylindrical  fhell,  keeps  itfelf 
always  plunged  perpendicularly  in  the  fand,  but 
always  with  its  head  uppermoft.  Its  head  is  dif- 
covered,  not  by  its  fhape,  but  by  two  tubes, 
which  receive  and  rejeeft  the  water  neceftary  for 
its  refpiration.  The  purr  which  was  mentioned  in 
the  place  above  quoted,  and  feverai  other  fhell- 
fifhes  or  fea-animals  have  fuch  tubes.  The  lower 
part  of  the  razor- fifh  is  that  which  ferves  for  its 
progreftive  and  perpendicular  motion,  for  it  only 
plunges  itfelf  into  the  fand,  or  raifes  itfelf  a 
little  above  it.  P’or  this  purpofe  it  has  a  fort  of 
leg  which  it  thrufts  out  of  its  fhell  when  it  pleafes, 
and  it  is  cylindrical  quite  to  its  lower  extremity  ; 
or,  when  it  is  thruft  out,  it  becomes  a  fort  of  ball, 
the  diameter  of  which  is  greater  than  that  of  the 
cylinder.  If  the  razor-fifh  has  a  mind  to  plunge, 
it  thrulfs  out  this  whole  leg,  and  confequently  en¬ 
gages  in  the  fand  the  great  ball  which  terminates 
it,  then  it  contracfls  the  leg,  the  extremity  '  of 
which  being  engaged  in  the  fand  by  a  great  fur- 
face,  does  not  find  it  fo  eafy  to  rife  again,  as  the 
fhell  does  to  go  down.  If  the  animal  would  raife 
itfelf,  it  only  thrufts  out  at  firft  the  part  which  is 
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to  become  a  ball  *,  and  then  it  endeavours  to  pro¬ 
long  the  reft  of  the  leg,  or  cylindrical  part,  and 
thruft  it  out,  and  this  part  refting  upon  the  ball, 
cannot  prolong  it  without  making  it  go  down,  or 
pufliing  the  whole  fhell  upwards.  But  it  is  more 
eafy  for  the  fhell  to  rife,  than  for  the  ball  to  go 
down  *,  becaufe  the  ball  refts  upon  the  fand  by 
too  great  a  furface. 

It  is  eafy  to  caufe  thefe  two  motions  in  a  razor- 
ftib.  When  the  fea  is  retired,  and  has  left  the 
hole  where  it  lodges  uncovered,  which  is  eafily 
found  by  its  fliape,  w'e  need  only  throw  a  little 
fait  upon  it,  and  the  razor-fifh  will  immediately 
come  half  out.  It  is  then  eafy  to  take  it,  but  if 
we  would  fee  it  plunge  again  into  its  hole,  we 
fieed  but  touch  it,  and  it  is  the  fame  thing,  if  we 
mifs  catching  hold  of  it.  After  this,  it  is  in  vain 
to  throw  fak  upon  it,  for  it  will  not  come  out 
again.  M.  de  Reaumur^  the  author  of  all  thefe  ob- 
fervations,  thinks  it  isits  averfionto  the  fait  thrown 
upon  it,  and  its  endeavour  to  fhake  it  off,  and 
get  rid  of  it,  that  makes  it  come  out  of  its  hole. 
For  he  has  found,  that  upon  putting  fait  on  thofe 
tubes  or  horns,  with  which  it  refpires  the  water, 
the  little  cylinders  placed  end  to  end,  of  which  it 
is  formed,  feparate  at  their  joints  which  have 
been  touched  by  the  fait,  and  fall  upon  the 
'  ground,  or  need  only  to  be  touched  very  lightly 
to  make  them  fall,  which  deftroys  an  organ  very 
neceffary  for  the  animal.  It  is  furprifing  that  fait 
fhould  be  fo  injurious  to  an  animal,  which  lives 
entirely  in  fait  water. 

The  dail  is  another  fort  of  fhell-filh,  which  is 
always  found  plunged  in  the  ooze,  or  in  xht  ba7tchey 
which  is  a  fofc  ftone,  but  very  hard  in  compari.- 
fon  of  the  ooze  j  and  M.  de  Reaumur  proves  it  to 

A  a  2  be 


i8o  7)6^  History  Memoirs 

be  nothing  but  ooze  'hardened,  and  petrified  by 
the  vifcous  part  of  the  fea- water.  The  figure  of 
the  dail^  and  of  its  hole,  is  almofl  that  of  a  trun¬ 
cated  cone,  the  fmallefl  bafe  of  which  is  always 
uppermoft,  and  confequently  the  dail  does  not 
come  out  of  this  hole.  It  mufl  have  gone  into 
it,  or  rather  hollowed  it  when  it  was  young, 
and  afterwards  have  plunged  it  in  farther,  and 
augmented  it  in  proportion  as  it  grew.  This  is 
its  whole  progreflive  motion,  which  is  only  that 
of  its  growth ;  and  therefore  can  be  only  of  an 
extreme  flownefs.  The  inflrument  with  which 
it  bores  is  a  pretty  thick  part,  and  made  almoft 
like  a  lozenge,  and  it  thrufts  it  out  at  the  lower 
end  of  its  fhell. 

It  mufl  be  imagined,  that  M.  de  Reaumur 
made  ufe  of  fome  artifice  to  difeover  thefe  forts 
of  operations,  which  are  performed  only  in  obfeu- 
rity,  and  in  fecret.  It  w^as  by  holding  a  razor- 
fifli  in  the  air  between  his  fingers,  that  he  faw  it 
thrufl  its  leg  out  of  the  fhell,  and  make  the  fame 
efforts  that  it  would  have  made  to  plunge  itfelf 
into  the  fand  *,  and  it  was  by  taking  a  dail  out  of 
its  hole,  and  putting  it  into  the  ooze,  that  he  faw 
the  adion  of  this  part  made  like  a  lozenge. 

All  the  young  dails  are  in  the  ooze,  and  all  the 
old  ones  in  hanche^  which  proves  that  the  hanche 
is  ooze  petrified.  Very  often  the  upper  and  greatefl 
part  of  the  hole  is  banche,  and  the  reft  is  ooze. 
-We  may  plainly  fee  that  the  upper  part,  which 
receives  the  impreffion  of  the  fea^waters  more  ea- 
fily,  muft  be  the  firft  that  petrifies.  It  is  highly 
probable  that  the  dails  live  a  long  time,  for  the 
change  of  the  ooze  into  banche^  which  is  made 
during  the  life  of  a  dail^  muft  be  made  but  flowly, 
and  by  infenfible  degrees. 
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The  dail  has  alfo  2  tubes,  with  which  it  takes 
in  the  water,  and  throws  it  out  again,  and  the 
length  of  thefe  regulates  the  depth  at  which  it 
keeps.  ’ ' 

M.  de  Reaumur  hasobferved  afea-flar  with  5 
rays,  like  that  mentioned  in  t\i^lliftory  o{  1710^; 
but  it  has  no  legs  to  thefe  rays,  and  differs  al-: 
fo  from  the  other  in  their  being  fhaped  like  lizards 
tails,  which  is  its  charadleriftick.  The'  5  rays 
are  themfelves  the  legs  •,  the  animal  hooks  two-.of 
them  to  the  place  to  which  it  would  advance,  and 
trails  itfelf  upon  thefe  two,  whilft  the  oppofite 
ray  bending  itfelf  a  contrary  way,  and  refling  upoa 
the  fand,  pufhes  the  body  of  the  flar-fifh  toward 
the  fame  place.  There  are  two  orhers^which  re¬ 
main  ufelefs,  but  they  would  not  be  fo  if  the  ani¬ 
mal  had  a  mind  to  turn  either  to  the  right  or  left ; 
and  thus  we  fee  how  it  might  go  on  all  fideswith 
equal  facility,  only  by  ufing  3  of  its  legs  or  rays, 
and  leaving  the  2  others  at  reft.  Perhaps  alfo 
nature  has  given  5  legs  to  this  animal,  becaufe  as 
M.  de  Re/iumur  has  obferved,  they  are  very  brittle, 
and  have  occafion  for  a  refer ve. 

It  is  by  a  like  mechanifm  that  the  fea-urchin, 
or  fea-hedge-hog  v/alks  with  2,100  fpines,  with 
which  its  body  is  on  all  Tides  furrounded.  It 
draws  itfelf  with  thofe  which  are  toward  the  fame 
place  to  v/hich  it  would  go,  and  puOies  itfelf  to¬ 
wards  the  fame  place  with  the  oppofite  ones,  all 
the  others  remain  without  atftion  during  that 
motion.  Which  way  foever  it  would  place  its  body, 
it  has  legs  to  go  in  that  pofuion.  It  has  the  mouth 
hov/ever  commonly  dov^nwards,  that  it  may  feed. 
Befides  its  2,100  fpines  or  legs,  there  are  1,300 
horns,  which  are  of  the  fame  ufe  to  it  as  the  horns 
to  a  fnail,  or  a  ftaff  to  a  blind  man,  to  feel  the 

*  See  Vol.  III. page  323  of  this  abridgment. 
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ground  upon  which  it  walks,  and  afterwards  as 
anchors  to  a  .velfel  to  fix  and  hook  it  where  it 
pleafes.  It  is  plain,  that  as  nature  has  fet  its 
whole  body  round  with  fpines  or  prickles,  the 
horns  alfo  ought  to  be  prickly,  fincc  the  one  can¬ 
not  be  in  a6lion  without  the  others.  M.  de  Reaumur 
has  fubverted  afa6b  related  mi\\tHiftory  1709*, 
on  the  credit  of  an  able  man,  which  however  was 
falfe.  This  difficulty  of  obferving  obfcure  or 
complicated  things  fufficiently  juftifies  fome  mi- 
ftakes;  but  if  miftakes  were  inexcufable,  it  would 
be  ftill  more  inexcufable  not  to  acknowledge 
them. 

An  Explanation  of  the  figures. 


• .  Tlate  IV.  fig,  20,  reprefents  a  heap  of  fand, 
GGGGKKK,  which  muft  be  imagined  to  be  pro¬ 
longed  a  good  deal  below  KKK;  in  this  heap  are 
the  figures  20,  21,  22. 

Fig,  20.  reprefents  the  aperture  TTTT,  ^c, 
of  the  holes  of  the  folen,  called  in  Englijh  the 
fheath,  or  razor- fifh.  ^ 

Fig.  21.  fhews  a  razor-fiffi  rlfing  above  the 
fand,  after  the  fillier  has  thrown  fome  fait  into  the 
aperture  ofoneof  the  holes  T,  the  flefhy  part  OO 
is  then  purfed  up. 

Fig.  22.  fhews  a  razor-fiffi  rifing  without  com- 
pulfion  above  the  furface  of  the  fand,  to  refpire 
the  water ;  the  part  which  then  comes  out  of  the 
ffiell,  feems  to  be  compofed  of  2  tubes  fet  clofe 
together,  AHC,  aHc,  the  firft  is  bigger  than  the 
fecond;  Aa  are  the  apertures  of  thefe  tubes,  which 
in  00, 21,  feem  almod  clofed,  becaufe  the 
animal  would  willingly  hinder  the  entrance  of  the 


*  Vol.  III.  Page  if)%  of  this  abridgment. 
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fait.  CC,  HH,  ZZ,  reprefent  the  places  where 
the  different  portions  of  which  the  part  Aa,  CC 
as  compofed,  are  united  together. 

Fig.  2^,  is  the  part  A^a,  CC,  fig.  22,  which 
we  mufl  fuppofed  to  have  been  detatched  by  the 
fait,  applied  at  CC,  Bb  is  the  part  which  relied 
upon  CC. 

Fig.  24.  is  arazor-filh  laid  upon  the  fand  ;  here 
We  fee  how  it  prepares  itfelf  to  begin  its  progrefiive 
motion.  P  is  the  extremity  of  the  leg,  wnnch 
comes  out  of  its  fbell,  and  is  then  flatted.  In  the 
fame  figure  MMmm  fhew  the  membrane,  which 
on  one  fide  is  tallened  to  the  edges  of  the  2  pieces 
of  the  fliell  ;  towards  LN  there  is  another  mem¬ 
brane,  which  joins  together  the  two  other  edges 
ot  the  lame  pieces,  but  this  membrane  could  not 
be  fliewn  here,  it  appears  in  fig.  25. 

Fig.  2^.  file  ws  a  lib  a  razor-fifh  laid  upon  the 
fand,  but  on  another  fide  than  that  of  fig.  24.  at 
Listhefpring  like  that  of  the  fhells  of  oyfters, 
and  miilcles,  which  faftensthe  2  pieces  of  the  razor 
fifh  together; from  this  fpringto  theother  extremity 
NN  of  the  fheJl,  there  is  a  membrane  LNN  made 
in  form  of  an  ifofceles  triangle  ;  at  R  is  the  leg  of 
the  razor-fifh,  already  plunged  in  the  land,  and 
hooked. 

Fig.  26.  reprefents  a  razor-fifli,  which  is  ready 
to  make  one  ftep  to  plunge  itfelf  into  the  fand, 
CCCC  mark  the  fhell;  from  the  lower  aperture  of 
this  fhell  proceeds  the  leg  IRP,  of  which  the  part 
IR  is  cylindrical,  at  the  end  of  this  cylinder  is  the 
part  P,  which  may  be  called  the  button  of  the  leg, 
at  00  are  the  fame  2  tubes,  but  more  contradled, 
which  appear  at  Aa,  Fig.  22, 

Fig.  27.  is  a  razor-filhof  which  the  inner  parts 
are  fhewn,  for  it  has  been  opened,  after  having 
cut  the  membrane  MMmm  of'fig.  24.  in  two,  this 

very 
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very  membrane  is  here  wrinkled  as  may  be  fccn  in 
MmMm  ;  and  its  fpring  alio  endeavours  to  fold 
it.  L  is  the  place  where  the  leg  LP  is  fufpended, 
which  here  has  a  very  different  form  from  that  un¬ 
der  which  it  appears  in  fig,  24,  25,  26.  It  is  com* 

pofed  of  circular  and  longitudinal  fibres,  which 
lerve  to  lengthen  and  contra6l  it,  to  thicken  and 
flatten  it,  according  to  the  occafions  of  the  fifh  ; 
at  EEII  appears  the  membrane  or  membranes 
which  form  the  tubes  AHC,  aHc  of  Fig.  22. 
here  they  are  folded,  which  is  probably  their  na¬ 
tural  ftate. 

Fig.  28.  is  that  of  one  of  the  fliell  fillies  called 
in  French  Fails,,  taken  out  of  its  hole.  AGP  is 
one  of  the  two  piees  of  it  s  fliell,  at  ED  is  the  e- 
laftic  ligament,  which  faftens  the  two  great  pieces 
together ;  DB  is  a  third  piece  of  the  fhell  much 
fmaller  than  the  two  others.  At  AlCF  is  drawn  a 
fiefliy  tubular  part,  which  the  animal  prolongs  or 
contra6ls  in  different  circumftances  ;  tho’  it  feems 
to  be  but  one  Angle  tube,  it  is  in  fome  fort  com- 
pofed  of  two  different  tubes  \  a  membrane,  of 
which  the  extremity  appears  in  C,  like  a  fort  of 
partition,  divides  the  tube  from  one  end  to  the  other 
into  2  equal  parts  *,  the  bending  AGP  is  called  the 
bafe  of  the  fliell,  the  animal  however  never  refls 
upon  this  part  of  the  fliell;  and  it  is  called  the 
bafe  only  becaufe  it  is  oppofite  to  the  elaflic  liga¬ 
ment  ED,  and  becaufe  in  another  memoir,  to  ex- 
prefs  ourfelves  in  a  convenient  manner,  we  have 
given  the  name  of  the  bafe  of  the  fliell,  to  the  part 
oppofite  to  this  ligament. 

In  jig.  29.  is  reprefented  a  bit  of  (lone  or  hanche.^ 
inhabited  by  the  dails  ;  this  bit  often  confifts  of 
ftone  from  QQ^  to  III,  and  the  reft  of  ooze  ; 
GO,  are  the  apertures  by  which  the  dails  fend 
3  out 
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out  the  fle£hy  tube,  which  they  make  ufe  of  to 
refpire  the  water,  at  TTK  there  are  fome  of  thefe 
fiefliy  tubes  out  of  their  hole.The  ^^/7,  of  which  we 
lee  the  end  of  the  tube  K,  appears  placed  in  its  hole 
as  it  is  there  naturally,  half  the  Tides  of  this  hole 
is  carried  away,  the  part  AALLHHPP  is  the 
partoppofiteto  the  part  FEDB  of  Fig.  28;  LLHH 
is  a  membrane,  which  joins  together  the  two  great 
pieces  of  the  fhell ;  S  is  a  flefhy  part,  with  which 
it  hollows  the  ooze,  ZX  is  a  hole  of  a  younger 
dail  than  the  dail  KAAPP.  V  is  the  hole  of  an¬ 
other  daily  of  which  we  fee  but  a  part. 

Fig.  30.  ABCDC  is  a  bit  of  ooze  placed  ho¬ 
rizontally  as  it  was  in  the  bottom  of  the  Tea.  CDFE, 
FEGH,  fffr.  are  different  horizontal  laminay  into 
which  the  bit  of  ooze  divides  in  drying. 

3^*  reprefents  the  fame  bit  of  ooze  as 
fig.  3.  but  placed  in  fuch  a  manner,  that  the  fur- 
faces  are  vertical,  which  at  the  bottom  of  the  fea 
were  horizontal  ;  the  different  laminae  alfo,  into 
which  it  divides,  are  in  a  vertical  plane. 

Fig.  32.  reprefents  one  of  thofe  fea-flars,  which 
we  have  called  Jiars  with  rays  like  lizards  tailsy 
feen  on  the  upper  part.  PTTRR  are  the  rays  of 
this  ftar.  ABDCE  is  the  mafs  of  its  body,  or  if 
I  may  fo  fpeak,  of  its  back.  The  letters  MM  fhew 
fome  of  thofe  extremely  narrow  membranes,  which 
the  ftar  agitates  in  the  water,  and  are  hidden  when 
it  is  out. 

33*  the  fame  ftar  reverfed,  its  rays  or 
legs,  and  its  body  are  marked  by  the  fame  letters 
with  the  preceding  figure,  that  it  may  be  feen 
underneath ;  at  S  is  its  mouth  or  fucker. 

•  Fig.  34.  reprefents  the  skeleton  of  a  fea* urchin 
or  fea  hedge-hog  feen  above  *,  O  is  its  fuperior  a- 
perture.  The  'pxxTT  mark  the  five  great  tri¬ 
angles,  filled  with  the  eminences,  with  which  its 
VoL.  IV.  N?.  39.  B  b  furface 
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Surface  is  adorned.  The  t  1 1 1 1  mark  the  five^ 
fmall  triangles,  and  the  lo  B’smark  the  perforated 
lifts,  which  feparate  thefe  triangles  one  from  an¬ 
other.  At  mM  one  of  thefe  eminences,  or  apo- 
phyfes  which  are  upon  the  skeleton  is  reprefented 
larger  than  nature. 

Fig.  35.  is  the  fame  skeleton  of  the  fea-urchin 
feen  underneathj  the  aperture  H  is  its  mouth,  at 
DD  appear  two  forts  ot  honey  rings,  out  of  each 
ring  proceeds  a  tooth  of  the  animal,  and  each  of 
its  teeth  is  alfo  inclofed  in  a  honey  fheath. 

In  Fig.  36.  is  a  piece  of  the  upper  furface  of  the 
fea-urchin,  reprefented  larger  than  nature,  that 
the  difpofition  of  the  lifts  of  holes  may  appear  het-* 
ter,  and  that  the  order  of  the  holes,  with  which 
they  are  filled,  may  he  perceived  more  diftin6i;ly. 
BB  are  two  of  thefe  lifts,  which  are  at  the  fides  of 
a  fmall  triangle  t  *,  each  lift  B  is  formed  of  two 
different  rows  of  holes,  fome  RR  are  compofed  of 
four  holes,  and  the  others  S  have  hut  two.  T  is 
the  great  triangle,  which  follows  the  lift. 

Fig.  37.  is  alfo  a  skeleton,  hut  a  part  of  it  has 
been  taken  off,  to  fliew  the  infide ;  we  may  ob- 
ferve  in  it  the  fame  diftribution  of  the  great  and 
fmall  triangles,  and  of  the  perforated  lifts ;  we 
have  alfo  marked  thefe  parts  with  the  fame  let¬ 
ters  as  in  the  preceding  figures;  but  there  does  not 
appear  upon  this  inner  furface  any  of  the  inequa¬ 
lities  which  are  upon  fig.  34,  35. 

Fig.  38.  reprefents  a  fea-urchin  in  motion,  the 
letters  EE,^ c.  mark  the  fpines  with  which  it  draws 
tfelf  towards  EE,  Cifr.  and  KKK  fome  of  the  fpines 
with  which  it  pufhes  itfelf  towards  the  fame  fide, 
the  letters  eeee  are  much  fmaller  fpines ;  CCC,^^, 
are  the  horns  with  which  it  feels  the  bodies  that 
prefent  themfelves  in  its  way.  It  may  be  obfer- 
ved  that  the  lurface  of  this  lea- urchin  is  in  fome 

meafure 
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nieafure  divided  into  different  triangles,  like  its 
skeleton. 

Fig,  39.  fhews  a  fea-urchin  at  reft  \  it  is  rever- 
fed ;  its  mouth  appears  at  BB,  furnifhed  with  five 
teeth  *,  at  CCCCC  there  are  feveral  of  its  horns 
ftuck  againft  the  ftone  PP;  I  is  a  horn  feparated, 

.III,  On  the  declination  of  the  needle^  tranjlated 

by  Mr,  Chambers 

M.  has  communicated  feveral  obfervations 

on  the  variation  of  the  needle,  which  had  been  fenc  - 
him  by- intelligent  perfons,  from  different  parts  of 
the  kingdom,  the  refult  whereof  is ; 

I  ft.  That  the  variation  is  continually  greater 
to  the  eaftward  of  Paris^  and  fmaller  to  the  weft- 
ward. 

2dly.  That  from  St.  Malo  to  Geneva,^  which 
may  be  taken  for  the  two  Franc 

in  refpe6l  of  longitude  the  difference  of  variation 
is  only  i ° 

3d]y .  That  the  variation  which  is  now  north-weft 
and  increafes  every  year,  has  increafed  at  Geneva 
•much  after  the  fame  rate  as  at  Paris.  From  the 
year  ^703  to  the  year  17 ii,  that  is  about  15' 
every  year,  and  even  that  an  irregularity  obferved 
.zt  Paris  in  1710,  when  the  variation  only  in¬ 
creafed  5',  was  alfo  found  at  Geneva, 

4th ly.  That  from  1 706  to  i  7 1 1,  the  variation 
has  increafed  at  feveral  cities  in  France^  much  af¬ 
ter  the  fame  manner  as  at  Paris,  ' 

To  fee  fo  many  appearances  of  regularity  fo 
well  maintained,  ’ds  hardly  poftible  to  refift  the 
expedation  of  a  theory  to  come,  tho’  the  example 
of  feveral  crude  attempts,  which  have  already  been 
•made,  muft  induce  us  to  have  patience  ’till  a  fuf- 

B  b  2  ficient 
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ficient  number  of  obfervations  have  been  made  ? 
M.  Delijle  has  given  a  little  hiftory  of  what  has 
pafTed  among  the  learned  on  this  occafion;  wc  fhall 
here  only  give  a  Ihort  abridgment  thereof,  and 
the  rather  as  a  great  part  of  what  can  be  laid  on 
this  head,  is  already  found  in  the  notes  of  Father 
Gouye^  printed  in  the  memoirs  for  the  year  1692. 
It  may  fufEce  for  our  prefent  purpole,  to  relate 
what  additions  M.  Delifle  has  made  thereto,  whether 
they  be  hiftorical  or  philofophical. 

The  attra6live  faculty  of  the  load-ftone  was 
known  by  the  ancients,  but  that  other  power 
whereby  it  points  towards  the  pole  was  not  known 
’till  many  ages  after,  the  earlieft  author  who  fpeaks 
of  it  being  a  French  poet  of  the  thirteen  century, 
and  its  variation  came  300  years  after  5  the  firft 
who  pnbiifh’d  this  was  Cahotto^  a  Venetian  navi¬ 
gator  in  1549,  tho’  M.  Delijle  has  a  manufeript  of 
a  pilot  at  Dieppe^  called  Crignon^  which  lie  dedi¬ 
cated  to  the  admiral  Cbabot  in  1534,  wherein 
mention  is  made  of  the  variation  of  the  needle ; 
this  novelty  turned  all  the  phiiofophers  againft  it, 
as  it  broke  in  upon  their  lyftems,  in  effedt  they 
obflinately  denied  it ;  but  it  growing  at  length 
inconteftable,  they  were  forced  to  yield. 

Hereupon  it  was  obferved  however,  that  under 
the  meridians  of  the  Azores  there  was  no  variation; 

,  this  made  them  conclude,  that  they  had  found  a 
natural  principle,  for  fixing  the  firft  meridian 
there,  which  hitherto  had  only  been  done  arbi¬ 
trarily,  and  confequently  not  to  the  liking  of  ev^ery 
body  •,  by  the  diredtion  they  found  the  ioad-ftone 
at  poles,  and  by  its  variation  that  thefe  were  dif¬ 
ferent  from  thofe  of  the  earth,  they  therefore 
placed  them  where  they  pleafed,  with  intire  li¬ 
berty  which  was  the  fruit  of  a  want  of  obfervations. 

They 
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But  they  came  at  length  to  the  knowledge  of 
two  new  meridians,  void  of  variation,  one  palling 
through  a  cape  fituate  near  the  cape  of  Good-Hop^ 
and  for  that  reafon  called  the  cape  of  Needles  *,  and 
the  other  thro’  Canton  in  China-,  accordingly  they 
determined  the  angles  of  interred:ion  of  thefe  fup* 
pofedly  fixed  meridians,  the  prefumption  being 
iliJl  on  the  iide  of  immobility,  and  filled  up  their 
intervals  with  other  meridians,  under  which  there 
was  a  variation,  and  even  ranging  them  propor- 
tionably  on  the  fuppohcion  that  every  thing  pro¬ 
ceeded  according  to  the  moft  natural  order,  but  ail 
this  wasdiredl  precipitation. 

Soon  after  it  was  clifcovered,  and  principally 
by  M.  GaJJendi,  that  the  variation  of  the  needle 
had  another  variation  j  that  it  was  changing  from 
time  to  time  in  the  fame  place,  and  this  continu¬ 
ally.  A  difeovery  which  overturned  all  they  had 
built.  By  this  inftance  as  well  as  by  infinite  others, 
it  appears  how  flow  our  progrefs  is,  that  there  is 
always  a  conflderable  diftance  between  one  dif¬ 
eovery  and  another,  and  yet  that  thefe  diflances 
grow  continually  fmaller  and  fmallcr  the  nearer 
we  defeend  to  the  prefent  time. 

Of  the  ruins  of  fo  many  fyffems,  nothing  now 
remains  but  that  propofed  by  Dr.  Halley,  who  has 
drawn  a  line  round  the  globe  of  the  earth,  which 
is  exempt  from  variation  ;  this  line  is  neither  a 
meridian,  nor  a  circle,  but  a  very  irregular  curve. 
The  variation  of  the  declination  in  eacii  place  re¬ 
quire  this  line  to  be  movable  j  and  we  already 
find  by  fufRcient  experience,  that  it  is  fo.  ’Tis 
probable  likewife  that  it  changes  its  figure,  by 
reafon  the  variations  of  the  declination  in  one  place 
are  not  always  proportionable  to  thofe  of  another; 
this  line,  as  drawn  by  Dr.  Halley,  pafles  on  the 
2  one 
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one  fide  thro’  the  north^fea,  •  and  the  Bermudas 
iflands ;  and  on  the  other,  through  Cbhia  about 
Joo  leagues  to  the  eaft  of  Canton,  ' 

M.  DJiJle  from  fome  obfervations  made  by  a 
French  fhip  which  went  through  the  South-fea  to 
China ^  and  was  the  firft  fhip  of  that  nation  which 
fleered  that  courfe,  has  found  another  line  of  no  va¬ 
riation  which  traverfes  the  South-fea  from  north  to 
fouth,  much  like  a  meridian  •,  this  makes  a  confi- 
derable  addition  to  the  fyfiem,  as  v/eli  as  the  chart 
of  Dr.  Halley^  wherein  the  South-fea  was  intirely 
wanting. 

There  is  one  remarkable  difference  between 
the  2  lines  or  portions  of  lines  drawn  by  Dr.  Halky 
and  M.  Delijle^  when  compared  together,  for  to 
the  eaftward  of  the  line  of  no  variation  which 
pafifes  thro’  the  Bermudas  iflands,  the  declination 
is  north-weft,  and  weftward  of  the  fame  line  north- 
caft,  the  contrary  whereof  obtains  in  the  line 
which  pafles  thro’  China\  Vv^hereas  in  the  other  line, 
traverfing  the  South-fea,,  the  declination  is  north- 
eaft  on  both  fides ;  this  difference  gives  each  of 
them  its  feveral  charadler,  which,  if  it  be  invariable, 
will  always  help  to  diftinguifh  them  whitherfoever 
they  go. 

'  M.  Deltjle  has  taken  a  deal  of  pains  to  difeo- 
ver  fome  traces  of  the  motion  which  thefe  three 
lines  muft  have  had  to  arrive  at  their  prefen t  .pofi-' 
tion  *,  and  is  convinced  that  the  line  which  now 
paffes  thro’  the  Bermudas  iflands  is  the  fame  with 
that  which  about  the  year  1 600  paffed  through 
the  cape  des  Aiguilles,^  on  which  fuppofition  it 
muft  have  moved  from  eaft  to  weft,  though  not 
parallelly  to  itfelf^for  in  the  year  1600  it  was 
aJmoft  a  meridian  which  paffed  through  the  cape 
des  Aiguilles^  tiic  Moreti^  and  the  I^orth-Cape ; 

but 
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but  from  that  time  to  this,  it  has  moved  1400 
leagues  by  its  northern  end,  and  only  500  by  its 
fouthern  one ;  fo  that  its  prefent  fituation  is  north- 
weft,  and  fouth-eaft;  being  much  inclined  to  its 
antient  pofition,  its  northern  end  pafled  thro’ 
Vienna  in  1638,  thro’  Paris  in  1666,  and  thro* 
London  in  1667,  which  places  were  alLaccordino-- 
Jy  free  from  variation  in  thofe  years.  M.  Belijle 
is  likewife  of  opinion,  that  the  line  which  is  now 
100  leagues  eaftward  of  Canton^  is  the  fame  which 
in  1600  pafled  through  that  city;  w^hcnce  it  fol¬ 
lows,  that  it  has  travelled  from  weft  toeaft,  contrary 
to  the  other,  and  at  a  much  flower  rate.  If  thefe 
2  lines  continue  their  courfe,  they  will  at  length 
meet  one  another,  the  confequence  whereof  it  is 
not  eafy  to  forefee. 

As  we  have  no  antient  obfervations  of  the  South- 
fea^  it  would  be  prefumptuous  to  advance  any 
thing  as  certain,  relating  to  the  line  which  palfes 
through  it,  only  it  might  perhaps  be  fufpeded  to 
be  the  fame  which  formerly  paflTed  through  the 
Azores^  and  which  has  moved  from  eaft  to  weft. 

The  difference  of  the  declination  in  different 
places  M.  Delifle  obferves,  is  by  no  means 
proportionable  to  the  diftances  of  thofe  places  from 
their  line  of  no  variation,  that  is,  to  a  degree  of  dif¬ 
ference  in  the  declination  of  the  needle,  corre- 
fpond  very  different  diftances  on  the  furface  of  the 
earth.  In  Dr.  Halley\  chart,  the  greateft  of  thofe 
diftances  is  130  leagues,  and  the  fmalleft  15  ;  but 
then  he  has  only  extended  his  chart  to  the  6orh 
degree  of  northern  latitude,  and  M.  Belijle 
>Vho  has  obfervations  made  20*^ - more  nor¬ 

therly,  finding  that  there  are  feme  degrees  of 
difference  in  declination  which  only  afford  8 
leagues  diftance  \  and  hitherto  it  appears^  that  as 

the 
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the  climate  is  the  more  northern,  the  fmaller  di*' 
ftance  corfefponds  to  a  degree. 

Nor  docs  the  declination  vary  equally  in  equal 
times  at  the  fame  place.  At  ^ubeck  M.  Caffini 
found,  that  it  had  only  vary ’d  j-  a  degree  in  37 
years,  whereas  by  other  obfervations  in  M.  Velijleh 
hands  it  has  varied  a  whole  degree  in  1 1  years. 

But  notwithftanding  all  this,  we  perceive  a  fort 
of  progrefTion,  and  fome  appearance  of  regularity 
which  is  enough  to  prevent  a  philofopher  from 
being  difeouraged  at  the  fight  of  fo  many  feem- 
ing  anomolies. 

IV.  Of  a  ca^'cern  which  is  exceedingly  cold  in 

fummer. 

It  would  be  no  great  furprize  to  moft  people, 
if  you  fliould  tell  them,  that  in  a  fubterraneous 
place,  a  cave  for  example,  it  is  warm  in  winter, 
and  cold  in  fummer,  which  they  have  met  with 
a  hundred  times.  It  is  a  paradox  however  to  phi- 
Jofophers,  v.'ho  know  this  experiment  to  be  faJla^ 
cious,  and  that  in  reality  it  is  hotter  in  a  cave  jn 
lummer,  than  in  winter ;  but  that  the  difference 
between  the  heat  and  cold  is  not  near  fo  great  as  in 
the  extci  ior  air  and  that  this  inequality  of  diffe¬ 
rence  makes  the  cave  appear  warm  in  winter, 
when  one  goes  into  it  from  a  colder  air,  or  cold 
in  fummer,  when  one  goes  into  it  from  a  warmer' 
air.  Therefore  none  but  philofophers  can  be  fur- 
prifed  at  a  cavern  of  Franche  Comte ^  where  it  is 
really  very  cold  in  fummer. 

This  cavern  is  5  leagues  to  the  eaft  of  Befanfony 
in  that  part  of  the  province  commonly  called 
Montagne^'  and  in  a  wood  near  the  village  of 
Chaux,  It  it  at  the  foot  of  a  rock  1 5  feet  high  ; 

It 
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k  is  80  feet  deep,  140  m  length  from  the  entrance 
to  the  oppofite  fide,  and  122  in  breadth.  It  was 
in  Sept,  1 7 1 1,  that  M.  Billerez,,  profeflbr  of  anato¬ 
my  and  botany  in  the  univerfity  of  Befanfon^ 
who  fent  this  account  to  the  academy,  went  down 
to  examine  it.  He  found,  that  the  bottom  of 
the  den,  which  is  flat,  was  ftill  covered  with  ice, 
which  was  beginning  to  melt ;  and  he  fays,  three 
pyramids  of  ice  15  or  20  feet  high,  and  5  or  6 
broad,  which  were  now  alfo  much  diminifhed. 
There  began  to  come  out  of  the  top  of  the  en¬ 
trance  a  fog,  which  proceeds  from  it  all  the  win¬ 
ter,  and  accompanies  the  thawing  of  this  repofi- 
tory  of  ice.  But  the  cold  was  ftill  fo  great,  that 
unlefs  they  walked  and  agitated  themfelves,  there 
was  no  ftaying  |  an  hour  without  fliivering,  and  a 
thermometer,  which  out  of  the  cavern  was  at  60 
degrees,  fellatio^  that  is,  to  10 degrees  below 
a  very  great  cold.  The  ice  of  this  grotto  is 
harder  than  that  of  the  rivers,  is  mixed  with 
fewer  bubbles  of  air,  and  melts  with  more  diffi* 
culty.  It  is  the  more  in  quantity,  as  the  fummer 
is  hotter. 

M.  Billerez  has  found  the  caufe  of  pheno¬ 
menon,,  by  obferving  that  the  lands  in- the  neigh¬ 
bourhood,  and  efpecially  thofe  above  the  vault, 
are  full  of  a  nitrous  fait,  or  natural  fal  armoniac. 
Thefe  falts  being  put  in  motion  by  the  heat  of 
the  fummer,  mix  more  eafily  with  the  waters, 
which  flowing  through  the  earth,  and  through 
the  clefts  of  the  rock,  penetrate  quite  into  the 
grotto.  This  mixture  freezes  them  exadly  in 
the  fame  manner  as  the  artificial  ice  is  made,  and 
the  cavern  is  in  great,  what  the  veflTel  in  this  ope¬ 
ration  is  in  little.  Some  coagulations,  or  ftony 
incruftations,  which  are  found,  efpecially  oppofite 
to  the  opening  expofed  to  the  north,  by  which 
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inore  nitrous  particles  of  air  might  enter,  con¬ 
firm  this  fyftem  ftill  more.  It  is  faid,  that  there 
are  rivers  in  Chwa  which  freeze  in  fummer  for 
the  fame  reafon. 

V.  Of  a  fpring  which  ?nakes  the  teeth  drop 

out. 

At  SenliJJes^  a  village  near  Chevreufe^  fituated 
in  a  valley  at  the  bottom  of  a  hill,  there  is  a  pub- 
lick  fpring,  which  makes  the  teeth  drop  out,  with¬ 
out  any  defluxion,  pain,  or  bleeding.  This  effedl 
cannot  be  afcribed  to  any  thing  elfe,  for  the  air  is 
very  good  and  temperate,  and  the  inhabitants  are 
more  robufl:  and  healthy  than  elfewhere  ,  only  a- 
bove  half  of  them  have  loft  their  teeth.  At  firft 
they  fhake  in  the  mouth  for  feveral  months  like  the 
clapper  of  a  bell,  and  afterwards  they  fall  out  very 
naturally.  The  water  accufed  of  this  diforder  is  ve¬ 
ry  briflc,  it  is  very  cold  when  drank  at  the  well 
head, it  is  found  to  be  hard  when  ufed  in  the 
kitchen,  and  it  is  faid  to  gripe  thofe  who  are  not 
ufed  to  it.  M.  Auhry^  the  curate  of  the  place,  who 
fent  a  barrel  of  this  water  to  M.  Couplet^  with  an 
ample  account  of  all  that  relates  to  it,  fays,  he  had 
been  advifed  not  to  make  ufe  of  it  till  after  boil¬ 
ing,  which  would  pufe  the  ill  quality  of  it  to 
evaporate.  He  takes  it  to  be  a  mineral,  and  con¬ 
jectures,  that  it  even  contains  fome  mercury. 

M.  Lemery  having  examined  it  every  way,  and 
fubjecfted  it  to  all  the  chymical  trials,  has  not  been 
able  to  difcover  any  thing  particular  in  it.  Only 
in  evaporating  a  gallon  of  it  over  a  gentle  fire, 
there  remained  12  grains  of  an  acrid,  fixed,  al¬ 
kaline  fait,  which  feems  to  be  very  little  for  fuch 
a  quantity  of  water.  He  found  no  indication  of 
mercury.  Bcfides,  he  has  given  water,  in  which 

quicks 
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quickfilver  had  been  infufed  or  boiled,  to  chil¬ 
dren  for  the  worms ;  but  he  never  found  that  it 
Joofened  the  the  teeth.  The  ill  quality  therefore 
of  the  water  of  is  too  fine  and  fubtile,  to 

make  a  fenfible  difcovery  of  itfelf  to  us. 

It  has  been  more  eafy  for  M.  Lemery  to  find  a 
like  example.  He  -has  recollected,  that  Vitru¬ 
vius  fpeaks  of  a  fpring  at  Sufa  in  Perjia^  the  wa¬ 
ter  of  which  makes  the  teeth  of  thofe  who  drink 
it  drop  out ;  and  it  is  remarkable,  that  he  has 
feen  dX  Paris  a  Perfian  born  in  that  very  city  of 
Sufa^  who  could  take  7  or  8  teeth  out  of  his  mouth 
with  his  hand,  and  put  them  in  again  with  the 
fame  eafe.  He  had  the  fcurvy  indeed  *,  and  per¬ 
haps  the  fpring  of  SenUJfes  would  give  thatdifeafe, 
if  the  goodnefs  of  the  air,  and  other  favourable 
circumftances  did  not  hinder. 

VI.  Of  the  rifng  of  the  fea  in  the  freights  of 
Dover,  when  the  tide  ebbs, 

F.  Gouye  fays,  that  a  failor  had  obferved  with 
the  plummet  in  the  Pas  de  Calais^  or  {freights  of 
Dover^  that  the  fea  role  at  the  time  of  the  reflux. 
The  reafon  of  a  phenomenon,  which  appears  fo  odd, 
is  that  the  waters,  which  retire  from  the  coafts  of 
England,  meeting  with  thofe  which  retire  at  the 
fame  time  from  the  coafts  of  France,  fwell 
againft  each  other,  and  raife  the  middle  of  the 
ftreight. 
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VII.  On  the  principal  organ  of  vifon^  and  on 
the  fru5lure  of  the  optic  Jierve. 

The  experiment  of  the  cat  im merged  in  water, 
had  led  M.  Mery  to  a  new  explanation  of  the  mo¬ 
tions  of  the  iris  of  the  eye  *,  the  fame  experiment 
had  taught  him  that  the  retina  is  as  tranfparent  as 
the  humours  of  the  eye  themfelves  ;  and  thence 
he  had  concluded,  that  it  was  not  made  to  receive 
the  pidture  of  the  obje(5ls,  and  that  the  choroides 
which  is  opake  and  placed  behind  it,  is  fitter  for 
this  office  :  But  he  had  only  hinted  this  thought, 
and  did  not  pretend  to  go  to  the  bottom  of  a  quef- 
tion,  which  had  before  been  handled  with  great 
fubtilty  in  1668,  between  Meffi  Mariotte^  Pecquet^ 
and  P errant.  M.  Mariotte.,  having  made  a  cu¬ 
rious  difcovery  of  a  place  in  the  bottom  of  the  eye, 
where  vifion  failed,  maintained  that  the  choroides  is 
the  principal  organ  of  it.  His  obfervation  is  known 
to  all,  who  have  the  lead  tindlure  of  natural  phi- 
lofophy. 

M.  de  la  f//r^ having  given  another  explanation 
of  the  experiment  of  the  cat,  than  what  M.  Mery 
had  given,  occafionally  took  the  part  ofthem/^^ 
againfl  M.  Mery.,  who  fubflituted  the  choroides  in 
its  room. 

M.  Mery  anfwered  in  the  firft  place  to  what  re¬ 
lated  to  the  motions  of  the  />/V,  the  firft  fubjedt 
of  the  whole  difpute,  and  afterwards  he  came  to  the 
queftion  of  the  retina  and  choroides, 

Tho’M.  Mariotte.,  who  was  the  firft  that  main¬ 
tained  the  rights  of  the  choroides^  has  very  well 
fupported  them,  and  feems  even  to  have  remained 
in  pofTcffion  of  the  field  of  battle,  having  anfwered 
every  thing,  and  written  iaft,  it  mufl  be  confclTed 

that 
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that  the  retina  has  remained  in  poirclTion  of  beina 
the  principal  organ  of  fight  ;  as  this  does  not  effe<ft 
the  general  fyltem  of  vifion,  perhaps  thofe  who 
doubt  upon  this  queftion,  or  thofe  who  are  per- 
fuadcd  in  favour  of  the  choroides^  do  not  confider 
how  difficult  it  is  to  change  the  old  and  common 
ftyle,  by  which  the  is  eftablifhed.  How¬ 

ever,  as  exadinefs  cannot  be  abfolutely  indifferent 
with  regard  to  truth,  we  fliall  here  relate  what  is 
moll  important  and  new  in  this  difpute,  for  we 
ffiallavoid  repeating  what  was  faid  in  M.Mariotte^s 
time,  of  which  the  publick  may  eafily  be  informed. 

The  principal  organ  of  fight  is  that  whereon 
the  image  of  the  objedls  is  painted,  that  is,  which 
receives  the  vertices  of  different  cones  of  rays,  fenc 
from  different  luminous  or  enlightened  points,  this 
organ  muff  alfo  be  fenfible. 

The  retina  is  a  membrane  formed  by  the  expan- 
fion  of  the  optic  nerve,  which  is  opened  into  fmall 
(lender  filaments,  white  like  the  nerve  ;  behind  the 
retina  is  the  chor aides ^  which  involves  it,  being 
another  membrane,  which  is  a  continuation  and 
extenfion  of  the  fia  mater  ;  it  is  black  in  men, 
birds,  and  fome  other  animals,  but  in  feveral  fpe- 
cies  it  has  colours,  and  thofe  very  lively :  it  will 
not  be  amifs  to  obferve  that  the  retina  and  the  cho- 
r aides  are  alfo  involved  by  the  opake  carnea,  which 
is  a  continuation  of  the  dura  mater. 

It  has  appeared  to  the  philofophers,  that  the  • 
retina  had  all  the  charaeffers  of  the  principal  or¬ 
gan  of  fight.  It  is  placed  in  ^tfacus  of  the  refrac¬ 
tions  of  the  humours  of  the  eye,  and  confequently 
receives  the  vertices  of  the  cones  of  the  rays  ;  it  is 
•very  fine,  and  confequently  very  fenfible,  or  rather 
fenfible  to  very  fine  impreffions,  fuch  as  thofe  of 
the  rays;  ’it  draws  its  origin  from  a  nerve,  and  is 
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itfclf  quite  nervous,  and  they  are  perfuaded  that 
the  nerves  are  the  vehicle  of  all  the  fenfations ; 
laftly,  it  communicates  with  the  fubftance  of  the 
brain,  where  all  fenfations  feem  to  terminate  ;  as 
for  the  cboroides,  they  have  either  been  in  no  great 
doubt  about  its  ufe,  or  thought  that  it  flopped  the 
rays,  which  the  great  finenefs  of  the  retina  would 
fuffer  to  pafs,  and  that  it  did  with  regard  to  the 
retina^  what  tin  does  with  regard  to  a  looking- 
glafs,  efpecially  inthofe  animals  where  it  is  black, 
becaufe  black  abforbs  the  light,  and  all  that  could 
pals  thro’  the  retina  would  only  Crouble  the  vifion, 
if  it  w^as  not  deadned. 

The  experiment  of  the  cat  immerged  in  water, 
lias  caufed  M.  Mery  to  have  different  notions  :  he 
faw  that  the  retina  abfolutely  difappeared,  as  well 
as  all  the  humours  of  the  eye,  but  that  the  choroides 
appeared  very  dillinclly,  and  even  with  tjie  lively 
colours,  which  it  has  in  that  animal  ;  thence  he 
judged  the  retina  to  be  as  tranfparent  as  the  hu¬ 
mours,  and  the  choroides^on  the  contrary  to  be  o- 
pake,  and  confequently  that  the  retina  was  not  fit 
to  terminate  the  cones  of  the  rays,  or  to  receive  the 
images  of  the  objedls  ;  that  the  light  ought  to  go 
through  it,  and  could  not  flop  but  on  the  choroides 
which  then  became  the  principal  organ  of  vifion. 
The  black  colour  of  the  choroides  in  man  is  alfo  very 
favourable  to  this  opinion  ;  it  not  only  agrees  with 
the  principal  organ  of  vifion,  that  the  adion  of 
light  fhould  be  terminated  when  it  arrives  there 
'and  it  is  certain  that  this  adion  is  terminated  in 
black,  which  abforbs  the  rays,  and  does  not  refied 
them,  but  it  alfo  agrees  with  this  organ,  that  the 
adion  of  light  fhould  beftronger  there  than  any 
where  el fe  ;  and  it  is  certain  alfo,  that  as  light  is 
engaged  in  a  black  body,  and  does  not  come  out  of 
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it,  it  caiifcs  a  greater  vibration  therein.  Thence 
it  comes  that  black  bodies  are  more  eafily  fet  on 
fire  by  the  burning-glafs  than  white  ones,  every¬ 
thing  elfe  being  equal.  The  tranfparence  of  the 
retina^  and  the  opacity  of  the  choroides  were  not 
'fo  certainly  known  in  the  time  of  M.  Marioite. 

He  judged  rightly,  that  the  pofition  of  the 
choroides  behind  the  retina  made  for  his  opinion, 
but  he  did  not  draw  fo  great  an  advantage  from 
it  as  M.  Mery  did,  who  has  obferved  in  the  other 
fenfes  the  fame  pofition  of  the  principal  organ  be¬ 
hind  a  mean  organ,  which  gives  a  happy  and  con- 
clufive  analogy.  The  cuticle,  which  is  extended 
over  the  whole  fkin  is  the  mean  organ  of  feeling, 
of  which  the  flcin  is  the  principal  organ.  It  is 
the  fame  thing  with  regard  to  the  fmell  and  tafte, 
which,  with  regard  to  the  difpofition  of  the  or¬ 
gans,  are  nothing  but  feeling.  The  memhrana 
tympani  is  a  membrane  extended  before  the  tym^ 
panum  or  drum  of  the  ear,  and  clofes  it ;  and  by 
its  means  the  agitations  of  the  air  are  tranfmitted 
to  the  lamina  fpiralis^  the  principal  organ  of 
hearing,  inclofed  in  the  labyrinth,  beyond  the 
tympanum.  It  is  true,  the  memhrana  tympani  is 
not  immediately  applied  to’the  lamina  fpiraliSy 
but  it  is  placed  before  it,  which  is  fufficient  for 
the  analogy.  The  retina  therefore  will  be  alfo 
no  more  than  a  mean  organ,  which  will  probably 
ferve  to  hinder  too  great  an  imprelfion  of  the  light 
on  the  choroides^  or  to  preierve  it,  which  is  the 
foie  ufe  afcribed  to  the  cuticle,  with  regard  to  the 
fkin. 

But,  according  to  M.  Mery.,  there  is  more  than 
all  that.  The  retina  is  infenfible,  becaufe  it  de¬ 
rives  its  origin  from  the  medullary  fubftance  of 
the  brain,  which  is  infenfible  alio  j  and  the  cho- 
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rcides^  on  the  contrary,  is  very  fcnfible,  becaufe 
it  arifcs  from  the  pta  mater^  which  is  certainly 
very  fenfible. 

This  proof,  which  Tome  queftioned,  engaged 
M.  Mery  in  a  more  particular  examination  of  the 
ftrufture  of  the  organs  ot  fight.  He  not  only 
Ihewed  the  academy,  by  difledion,  that  the  retina 
and  the  ckoroides  had  the  origins  which  he  had 
pointed  out,  but  added  alfo  an  important  difeo- 
very  concerning  the  optic  nerve.  This  nerve  is 
not  compofed  of  filaments,  as  has  been  thought, 
and  as  the  other  nerves  are ;  it  is  only  a  marrow 
inclofed  in  a  canal,  which  may  be  eafily  made  to 
come  out.  So  long  as  the  nerve  is  within  the 
ikull,  the  canal  is  formed  only  of  the  pia  mater^ 
and  the  marrow  is  contained  in  it  in  a  lump  :  but 
the  fame  nerve,  when  it  enters  the  orbit  of  the 
eye,  takes  a  fecond  covering,  which  comes  to  it 
from  the  dura  matey\  and  is  the  cornea  ;  it  is  a 
new  canal,  which  covers  the  firft  externally,  and 
there  the  marrow  is  inclofed  in  an  infinite  number 
of  little  cells,  which  communicate  with  each  other. 
It  is  alfo  with  more  difficulty  fqueezed  out  of  this 
fecond  part  of  the  optic  nerve,  than  out  of  the 
firil.  The  cells  of  the  marrow  have  alfo  a  rela¬ 
tion  to  the  cavernous  bodies. 

The  ftrudure  of  the  optic  nerve,  unknown  till 
now,  does  not  permit  the  retina  any  longer  to  be 
a  membrane ;  it  is  no  more  than  a  dilatation  of 
the  marrow,  wrapped  up  with  two  membranes, 
and  marrow  is  not  a  proper  lubltance  to  be  the 
feat*  of  a  fenfation.  We  hardly  conceive  that  it 
can  ferve  for  any  other  purpofe,  than  to  filtrate  or 
carry  the  neceffary  fpirits  •,  but  the  vibration  of 
the  fenfe  itfelf  mufl:  be  made  upon  a  part  more 
fufceptiblc  of  a  flrong  impreffion,  more  folid,  and 
I  more 
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niore  firm  ;  and  it  has  always  been  thought,  that 
none  but  nervous  filaments  could  receive  this  vi¬ 
bration,  efpecially  as  they  have  always  been  al¬ 
lowed  alfo  to  communicate  it  to  the  brain,  the 
centre  of  the  whole. 

If  the  new  ftru^lure  of  the  optic  nerve  obliges 
us  to  remove  to  the  choroides  the  office  afcribed  to 
.the  retina^  it  will  greatly  diforder  all  the  common 
ideas^  cither  vifion  muft  abfolutely  terminate  in 
tht  choroides^  without  going  any  farther;  or  if 
it  does  go  farther,  it  fpreads  itfelf  through  the 
.whole  pia  mater.  It  mult  be  confefTed,  that  thefe 
confequences  have  their  inconveniences ;  but  it  is 
true  alfo,  that  whatfoever  fyftem  we  take,  if  we 
purfue  the  fenfations  to  the  end,  and  till  they 
reach  the  foul,  we  lofe  ourfelves,  and  fall  into 
the  immenfe  chaos^  which  is  between  the  body 
and  the  foul. 

VIII.  On  the  experiment  of  the  eyes  of  the  cat 

immerged  in  water. 

We  faw  in  the  preceding  article,  the  principal 
part  of  the  difpute  between  M.  de  la  Hire  and 
M.  Mery^  on  the  cat  immerged  in  water.  It  has 
been  another  queflion  between  them,  why  the 
bottom  of  the  cat’s  eyes  appeared  flirongly  illumi¬ 
nated  in  the  water,  and  abfolutely  difappeared  in 
the  air.  M.  Mery  pretended,  that  when  the  ani¬ 
mal  was  under  the  water,  there  entered  more  light 
into  its  eyes,  becaufe  its  cornea  was  more  flatted, 
and  in  fome  meafure  wrinkled  by  the  moifture. 
But  M.  de  la  Hire  has  given  a  pretty  na‘- 
tural  reafon  for  it,  taken  from  the  principles  of 
opticks. 
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The  cornea  being  in  the  air  does  the  office  of  a 
mirrour,  bccaufe  it  is  I'mooth  ;  and  of  a  convex 
mirrour,  becaufc'of  its  figure.  It  has  its  focus 
therefore  beyond  itfelf,  which  is  alfo  very  vivid, 
and  it  refleds  their  own  image  to  thofe  who  view 
ir,  which  by  its  vivacity  hinders  them  from  fee¬ 
ing  any  other  objed  beyond  the  cornea.  But 
when  the  fame  organ  is  in  the  water,  the  little 
difference,  that  there  is  between  its  denfity,  and 
that  of  the  water,  makes  them  be  phyfically  homo¬ 
geneous  ;  it  is  therefore  no  longer  a  convex  mir¬ 
rour,  and  it  is  only  inflead  of  a  plain  furface  of 
water,  and  we  fee  thro’  it  all  that  we  fliould  have 
feen  thro’  the  water. 

IX.  On  th*  reproduBion  of  fame  parts  of  Cray ^ 
fijhes^  lobflers^  &c. 

Tho’  the  fyftem  of  the  animal  quite  formed  in 
the  egg  renders  the  generation  of  it  intelligible, 
yet  it  does  not  ceafe  to  be  very  marvellous.  But 
that  in  the  room  of  an  organical  part  which  has 
been  cut  off,  there  fhonid  grow  another  quite  like 
it  is  a  fecond  wonder,  of  a  different  order  from 
the  firft,  and  out  of  the  fyftem  of  the  eggs.  And 
indeed  the  philofophers  have  refufed  to  believe  fo 
furprifing  a  lad  upon  the  credit  of  the  vulgar, 
and  they  muff  be  allowed  to  be  excufable,.  if  the 
Itudy  of  nature  ought  to  give  them  any  confi¬ 
dence  in  their  knowledge. 

It  is  of  the  cray-fiflies,  crabs,  and  lobfters,  that 
the  fifhermen  have  faid,  that  when  they  have  loft 
any  leg  or  claw,  there  came  another  in  the  room 
of  It-,  and  M.  de  Reaumur  has  had  the  curiofity, 
the  fkill,  and  the  patience  to  verify  it*,  and  this 
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is  the  refill t  of  the  obfervations  which  he  has  made 
chiefly  on  the  cray-fifhes. 

Thefe  animals  have  2  great  legs  before,  termi¬ 
nated  by  2  pinchers.  Each  of  thefe  legs  has  5  arti¬ 
culations,  or  joints  *,  and  I  fuppofe  with  M.  de 
Reaumur^  that  they  are  reckoned  from  the  extre¬ 
mity  of  the  leg,  where  the  pinchers  are.  When  the 
legs  of  the  cray-fiflies  are  broken  by  any  accident,, 
in  walking,  which  is  pretty  common,  they  are 
always  broken  at  a  future,  which  is  near  the  4th 
articulation  ,  and  in  time  there  is  renewed  exadlly 
what  they  have  loft  *,  that  is,  a  part  of  the  leg 
which  has  4  articulations ;  the  firft  of  which  has^ 
the  2  pinchers,  fo  that  thelofs  is  entirely  repaired. 

If  the  great  leg  of  a  lobfter  is  broken  defignedly 
at  the  4th  or  5th  articulation,  the  part  taken  off 
is  always  reftored,  but  not  if  the  amputation  was 
made  at  the  ift,  2d,  or  3d,  articulation.  The 
reprodu6lion  is  then  very  rare,  if  things  remained 
in  this  ftate  •,  but  what  is  very  furprifing,  they  do 
not  remain  fo.  If  at  the  end  of  fome  days  we  ex¬ 
amine  the  cray-filhes,  which  have  the  legs  broken 
at  thefe  unfortunate  and  barren  articulations,  we 
find  they  have  them  all  broken  at  the  4th  articu¬ 
lation  ;  and  we  may  fufpeft  them  to  have  per¬ 
formed  this  operation  themfelves,  being  fure  per¬ 
haps  of  having  a  new  leg.  The  reproducftion  is 
beft  performed  at  this  4th  articulation. 

The  reproduced  part  is  not  only  quite  like,  but 
equal  at  the  end  of  a  certain  time  to  that  which 
was  amputated.  Hence  it  comes,  that  we  fee 
many  cray-fifhes  which  have  their  2  great  legs  un¬ 
equal  in  various  proportions.  This  Ihews  the  age 
of  the  fmalleft. 

If  a  reproduced  part  is  amputated,  there  is  a 
new  reprodudlion  formed. 


D  d  2 


The 


204  72?^  History  W  Memoirs 

The  fummer,  which  is  the  only  time  of  the 
year,  when  the  cray-fifhes  eat,  is  the  moft  favour¬ 
able  fealon  for  the  reproduction.  It  is  then  per¬ 
formed  in  4  or  5  weeks ;  whereas  it  would  hard¬ 
ly  be  performed  in  8  or  9  months  in  .another 
feafon.  • 

•  The  frnall  legs  grow  again  like  the  great  ones, 
but  more  rarely  and  more  flowly. 

The  horns  grow  again  alfo. 

If  we  add  to  this  all  that  has  been  faid  of  the 
cray-fifhes  in  1 709*,  we  fhall  find  that  they  fur- 
nifh  feveral  rare  fhcenomena.  It  appears  in  gene¬ 
ral,  that  the  moft  wonderful  of  all  animals,  with 
regard  to  mechanifm,  are  thofe  which  refemble  us 
the  ‘leaft. 

An  explanation  of  the  figures, 

Tho’  the  cray-fifh  is  an  animal  pretty  well 
known,  yet  we  have  thought  fit  to  engrave  it,  in 
order  to  fhew  the  pofition  of  its  different  parts. 

Plate  V,  Pig.  1.  reprefents  a  cray-fifh  lying 
on  its  back,  that  the  pofition  of  its  legs  may  be 
feen. 

Pp  I,  2,  3,  4,  5,  are  its  great  claws,  Pp 
are  the  two  pinchers :  the  little  pincher  p  is  arti¬ 
culated  in  p.  At  I,  is  the  firft  articulation  of  the 
leg  *,  at  2,  the  fecond  ;  at  3,  the  third  at  4,  the 
fourth  ;  at  5,  the  fifth,  or  the  place  where  it  en¬ 
ters  into  the  body  of  the  animal. 

Fig,  2.  is  a  part  of  a  cray.fifh  reprefented 
larger  than  that  of  the  preceding  figure,  for  the 
better  diftinguifhing  of  the  articulations  and  fu¬ 
tures  of  the  legs.  The  fame  letters  of  the  preced¬ 
ing  figure  mark  the  fame  parts.  P  p  the  two 

*  Vol.  HI.  p.  244.  of  this  abrigment. 
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pirtchefs  1,  2,  3,  4,  5,  the  five  dirTcrentfarticii- 
Jations,  S  is  the  foturc  where  the  leg  of  the  cray- 
fifh  Naturally  breaks^  and  where  when-  broken,  it 
is^  Ibonell.  reproduced.  Th^  future  is  Aaore'di- 
ftinguilhed  than  the  reft  in  Che  figufr,  ’ becaufe 'it 
was  necefifary  to  fhew’it ;  but  it  is  iw  nTore:fei>fiblc  . 
in  the  cray-fifli  than  in  other  iheures ;  b»cd’e  is 
that  part' which  we 'hoi^e*  called  the  great  1  leg. ‘of 
the  cray-fifh :  b  c  d  e  are  the  different  joints  of  it. 

3’  4^  5>  7>  urank  the  diiferent  terms 

of  growth  of  a  leg  broken  at  the  futuffe'  S'  of  fig.  2. 
Each  of  thefe  figures  is  what  remained  to  the  leg 
from  the  fifth  joint.  5  marks  in  all  thefe  figures 
the  place  where  this  fifth  joint  was. 

I'ig.l'  A  fhews  the  end  of  the  leg  iuft  as  it 
appears  immediately  after  being  broken,  or  a  day 
or  two  afterwards. 

Fig,  4.  B  marks  the  end  of  the  leg,  when  the 
membrane  which  covers  it  again,  has  taken  a  fi¬ 
gure  a  little  convex. 

Fig.  5.  C  fhews  the  little  flefhy  cones  which 
come  out  of  the  end  of  this  leg. 

Fig.  2.  D  is  the  fame  cone  confidered  fome 
days  later ;  it  is  more  long. 

Fig.  6.  E  is  the  little  fleflny  cone,  which  begins 
to  bend. 

Fig  7.  FGH  is  the  fame  part  of  the  leg  ready 
to  grow.  It  is  then  bent  at  G  •,  its  pofition  is  like 
that  of  one  of  the  legs  of  the  cray-fifli  laid  upon 
the  back  fig.  i.  tho’  the  leg  in  this  figure  is  llill 
wrapped  up  in  a  membrane,  yet  the  articulations 
are  diftinguifhed  thro’  it.  They  may  be  feen  thro’ 
the  tranfparence  of  the  membrane.  If  we  look  at 
the  end  H  againft  a  ftrong  light,  we  fliall  per¬ 
ceive  the  feparation  of  the  2  pinchers  as  it  is  repre- 
Tented  in  fig.  8. 
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Fig,  10.  reprefents  a  cray-fifli  in  the  (ituation  in 
which  it  often  is  when  it  walks ;  TTTT  is  the 
great  table  of  fliell  which  raifes  itfelf  firft,  when 
the  cray-fifh  begins  to  mew  ;  1 1 1,  .  are  the 

little  tables  which  hold  together  by  different  mem¬ 
branes  ;  they  are  joined  together  in  the  fame  man¬ 
ner  when  the  craw-fifh  has  mewed. 

Fig,  1 1 .  is  the  part  of  the  ftomach  of  the  cray- 
fifh,  where  the  three  teeth  are,  and  the  cartilages 
which  fuftain  them.  The  teeth  of  the  middle  B  is 
of  a  different  figure  from  that  of  the  teeth  D  D. 
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Philosophical  Memoirs  of  the  Roval 
Academy  of  Sciences  at  Paris,  for 
the  Year  1712. 

I 

I.  Ohfervations  on  the  rain^  and  upon  the 
theemometer  and  barometer  at  the  royal 
obfetvatory  during  the  year  I7ii,  by  M, 
de  la 

\ 

The  quantity  of  rain-water,  and  melted 
fnow,  was  in 


Lin. 

Lin, 
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15 

A 
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The  fum  of  the  height  of  the  water  of  the  whole 
year  was  302  lines,  or  25  inches,  2  lines,  which 
is  much  more  than  the  mean  years,  which  afford 
us  only  about  19  inches.  It  is  pretty  extraordi¬ 
nary,  that  this  year  fhould  afford  us  fo  much  wa¬ 
ter,  tho’  it  rained  very  lit:le  in  June  and  Auguft^ 
which  with  July\  commonly  furnifh  as  much  as 
•  the  9  other  months  together  ;  and  the  more  as  it 
did  not  rain  at  all  from  Sept,  3,  to  19 ;  and  from 
Sept,  19,  when  it  rained  ii  lines  to  05i,  19,  it 
rained  but  2  or  3  lines.  But  the  great  fnows  of 
Feb.  with  the  rains  that  followed  them  toward  the 
*  Jan.  9.  1702. 
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.-end  of  cbe  month,  gave  a]l  at  once  a  great  quan¬ 
tity  of  water,  which  caufed  a  con fiderable  over¬ 
flowing  of  the  river  ;  but  it  was  not  fo  great  as  that 
which  happened  in  '1658  in  Feb.  the  height  of 
w.hich  is  marked  in  ahe  cloifler  of  ahe  celeftins  at 
Paris. 

We  cannot  determine  any  thing  certain  on  the 
height  of  the  water  to  be  fufnifhed  by  a  certain 
quantity  of  fnow,  for  fome  is  very  rare,  and  fome 
very  much  condenfed.' 

/  July  28,  29,  and  30,  furnifiied  about  31  lines 
of  water  ;  and  this  was  the  greatefl  continual  rain 
of  the  whole  year.  There,  was  a  little  ftorm  on 
the  28th  in  the  evening. 

My  thermometer  was  at  the  higheft  at  62  parts 
I,  Ju7se  16,  at  fun-riflng  ;  and  at  two  in  the  af¬ 
ternoon  it  was  at  73  \  *,  which  does  not  mark  a 
very  great  heat ;  for  I  have  feen  it  rife  to  80. 
July  10,  when  the  heats  are  ufually  greatefl,  it 
was  but  in  its  mean  flare  about  fun- rifing,  which 
is  the  rime  when  I  make  .all  thefe  obfervations. 
This  very  thermometer  was  at  the  lowed  at  20 
parts,  Feb.  15  ;  but  two  days  afterwards  it  rofe 
again  to  36.  The  mei^n  date  of  the  air  marked 
by  this  thermometer,  as  it  is  at  the' bottom  of  the 
caves  of  the  obfervatory,  when  it  always  continues 
at  the  fame  height,  is  48  of  its  parts  or  degrees. 
It  begins  only  to  freeze  in  the  country,  when  this 
thermometer  is  at  32  *,  fo  that  from  the  mean 
date  to  frod,  it  falls  only  16  parts  *,  and  confe* 
quently  the  degree  of  heat  of  the  air,  which  fhall 
be  as  much  above  the  mean  date,  as  the  degree 
of  the  beginning  of  the  frod  is  below  it,  will  be 
64,  as  it  was  this  year  nearly  about  the  morning 
of  the  day  of  the  greated  heat  *,  and  the  greatefl 
heat  of  this  day  at  2  in  the  afternoon,  when  the 
thermometer  marked  737,  vvas  aimed  as  much 
3  above 
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above  the  mean  ftate,  as  the  greateft  cold  ©f  the 
year  was  below  it,  when  the  thermometer  was  at 
20,  at  the  fun-rifing,  the  coldeft  time  of  the  whole 
day. 

The  thermometer  which  I  make  ufe  of  every 
day  for  my  obfervations,  is  a  fi mple  barometer, 
which  is  placed 'at  the  top  of  the  great  hall  of  the 
obfervatory,  wherein  the  quickfilver  always  keeps 
3  lines  lower  than  that  which  M.  Picard  made  ufe 
of,  and  in  which  he  perceived  light  upon  agitating 
the  quickfilver  in  the  tube,  which  was  a  phcc- 
nomenon,  I  cannot  fufpecl  that  there  is  any  air  in 
mine  ;  for  it  gives  light  like  the  other,  and  I  have 
filled  it  with  a  great  deal  of  care.  It  muft  be  ob- 
ferved,  that  in  order  to  have  the  true  height  of  the 
quickfilver  in  the  tube,  the  frame  of  the  barome¬ 
ter  fiiould  be  a  little  fhaken  againfl  the  wall  where 
it  is  hung. 

My  barometer  was  at  the  highefl:  at  2  8  inches, 
5  lines,  Ja7t.  2 1  ;  the  fky  was  clear,  with  a  mo¬ 
derate  north  wind  near  the  ground  ;  but  the  upper 
wind  was  eaft.  And  during  this  whole  month, 
there  was  but  little  rain,  and  the  barometer  was 
always  very  high;  for  half  this  month  it  was 
above  28  inches.  The  fame  barometer  was  at 
the  loweft  at  26  inches,  9  lines,  f,  Dec,  10;  with 
a  very  violent  hurricane,  the  wind  being  toward 
the  fouth  with  but  little  rain.  Thus  the  difference 
between  the  highefl:  and  lowed  ffate  of  the  baro¬ 
meter  was  I  inch,  7  lines,  f,  which  is  a  little 
more  than  the  common  ftate ;  that  is,  i  inch,  4 
lines. 

I  obferve  in  general,  that  during  this  whole 
year,  when  the  barometer  was  at  28  inches,  or 
thereabout,  which  happened  pretty  often,  it  has 
•  rained  little  or  nothing,  which  agrees  with  the 
general  opinion,  that  the  barometer  predidls  the 

VoL.lV.  N^40.  Ee  fe- 
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ferenity  of  the  air  *,  and  when  it  was  at  the  lowcflft 
there  was  always  a  good  deal  of  rain  and  fnow,  as 
it  happened  in  Feb,  This  rule  however  is  not  To 
certain,  as  to  have  no  exceptions ,  for  about  the 
end  of  July\  when  it  rained  confiderably,  as  I 
have  already  oblerved,  the  barometer  was  about 
27  inches,  8  lines ;  which  may  happen  from  par¬ 
ticular  caufes,  which  are  not  common,  as  a  lud- 
den  ftorm,  when  we  often  fee  2  contrary  winds, 
which  having  different  diredfions  either  upwards 
or  downwards,  and  lafting  but  a  little  while, 
make  irregular  impreffions  on  the  quickfilver  in 
the  barometer. 

The  winds  were  this  year  as  ufual  in  this  country, 
very  often  toward  the  fouth-weft. 

Obi,  6,  at  eight  in  the  evening  an  earthquake 
was  perceived  only  in  my  apartment  at  the  obfer- 
vatory  *,  and  one  of  the  principal  figns  of  it  was, 
that  the  great  rings  of  a  copper  ciflern  ftruck 
againft  the  ciftern,  made  a  good  deal  of  noife, 
and  continued  a  long  time  in  motion,  which  was 
obferved  by  all  who  were  in  the  place:  but  I  did 
not  mention  it  then,  becaufe  I  fufpedled  that  this 
ciftern,  which  had  a  good  deal  of  water  in  it, 
might.have  flipped  a  little  upon  its  frame,  and  that 
a  fmall  motion  of  the  water  might  have  given  one 
to  the  ciftern,  fufficient  to  make  the  rings  ftrike 
againft  the  body.  But  fome  days  afterw^ards  we 
received  letters  out  of  the  country,  30  leagues 
from  Paris^  by  which  we  have  been  informed  of 
an  earthquake  which  was  felt  there,  and  had  ter¬ 
rified  the  people  of  the  place ;  and  it  was  on  the 
fame  day,  and  at  the  fame  hour,  that  we  per¬ 
ceived  it  at  the  obfervatory.  We  have  had  ac¬ 
counts  of  it  alfo  from  other  places,  where  it  was 
very  confiderabic. 

Dec,  30,  1711,  1  found  the  declination  of  rhe 
■I  needle 
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needle  to  be  10°  50'  toward  the  weft  as  it  was  the 
preceding  year;  but  it  muft  be  obferved,  thatat 
the  end  of  the  year  1 709,  it  was  but  10^  15'  ;  and 
confequently  from  1709  to  1710,  the  variation 
has  been  35  minutes,  which  was  about  dou¬ 
ble  of  what  it  was  obferved  to  be  for  fome 
years;  but  1711  has  fet  it  right,  for  we  have 
but  35  minutes  difference  for  2  years.  We  cannot 
however  fufpecl  any  error  in  thefe  obfervations, 
for  we  always  make  them  with  very  great  care, 
ufing  the  fame  needle,  which  is  8  inches  long, 
and  applying  one  fide  of  the  fquare  box,  in  which 
it  is  inclofed,  againft  one  of  the  faces  of  a  great 
ftone  pillar  at  the  bottom  of  the  terrafs  of  theob- 
fervatory.  We  are  affured  of  the  pofition  of  the 
face  of  this  pillar,  by  feveral  very  exadt  obferva- 
tions,  that  it  looks  exadtly  to  the  weft. 


II.  A  comparifon  of  the  obfervations  made  at 
Zurick  on  the  rain^^  and  on  the  barome-^ 
ter^  with  the  joregoing^  during  the  fame 
year^  . 


M.  Scheuchzer  compares  his  obfervations  of  the 
quantity  of  water,  both  in  rain  and  melted  fnow, 
month  by  month,  with  what  I  have  found  atP^r/^at 
the  obfervatory  which  I  had  fent  him  by  order  of 
the  Abbe  Bignon,,  whereby  we  find,  that  it  rained 
more  at  Zurick  than  at  Paris  in  every  month,  ex¬ 
cepting  only  the  month  of  July,  For  he  found  in 
Jan.  34  lines  \  ;  in  Feb.  109  lines  ;  in  March.^  44 
lines  \  ;  in  Aprils  26  lines  i  ;  in  May.,  39  lines 
in  June.,  1 3  lines ;  in  July.,  38  lines  ^  ;  in  Aug.  66 
lines;  in  Sep/.  35  lines  in  Oft.  62  lines  ^  i  in 
Ncv.  43  lines  j  ;  and  in  Dec.  ic,  lines. 

This  gave  him  for  the  whole  year,  45  inches, 
I  line,  Paris  meafure  ;  and  he  obferves,  that  it  is 


♦  April  26,  1712. 
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one  of  the  greatefl:  heights  of  water  which  has  been 
hitherto  obferved :  but  at  Paris  I  found  only  25 
inches  2  lines,  which,  however,  is  one  of  the 
greateft  that  has  been  feen  here.  I  have  related  in 
the  obfervations  of  another  year,  feme  reafons 
which  may  fhew,  that  there  mud  fall  more  water 
and  fnow  in  the  mountainous  countries,  than  in 
the  plains  which  are  didant.from  them.  ' 

He  found  the  greateft  height  of  the  barometer 
Dec.  22,  at  27  inches;  that  day  it  was  here  at 
28  inches,  3  lines,  in  the  morning,  with  the 
common  barometer;  but  wi'h  another  at  28 
inches,  6  lines,  \  ;  the  difFercnce  therefore  was 
18  lines,  |.  The  leaft  height  of  his  barometer, 
was  Feb.  9.  at  25  inches,  1 1  lines,  j; ;  and  the  fame 
day  here  at  26  inches,  ii  lines,  with  the  com¬ 
mon  barometer,  and  with  the  other  at  27  inches, 
3  lines,  and  the  difference  with  this  laft  is  but  1 5 
lines,  I ;  but  thofe  days  are  not  the  fame  on 
which  I  here  obferved  the  greateft  and  leaft  height 
of  the  barometer.  Thus  the  difference  between 
the  greateft  and  the  leaft  height  of  the 
barometer,  which  I  found  at  Paris^  is  20 
lines  ;  and  he  finds  it  but  1 2  lines  This  feems 
to  me  to  fhew,  that  the  heights  of  the  quickfilver 
in  the  barometers  do  not  always  come  from  the 
height  of  the  whole  atmofphere,  which  cannot  be 
very  different  in  places  upon  the  earth,  which  are 
not  very  far  from  each  other ;  and  at  the  fame 
time,  but  from  fome  particular  accident  of  the  air. 
However,  if  we  took  a  mean  difference  of  the 
height  of  the  barometer  at  Zurich  and  at  Paris  in 
the  obfervations  which  I  have  juft  related,  we 
fhould  have  almoft  1 7  lines;  and  if  we  fuppofe  1 1 
toifes  of  elevation  for  a  line  of  alteration  in  the 
height  of  the  quickfilver,  it  would  follow,  that 

Zurich 
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Zurich  would  be  187  toifes  higher  than  Paris 
above  the  fea. 

He  inlarges  very  much  upon  the  meteors,  and 
chiefly  on  the  earthquake,  which  was  felt  at 
of  which  M.  Bernoulli  has  Tent  him  a  very  exadl 
relation  *,  and  this  is  the  refult  of  it. 

There  were  two  fhocks  of  this  earthquake  at 
but  a  little  diftance  from  each  other,  Feb,  9,  be¬ 
tween  four  and  five  in  the  morning  ;  we  felt  one 
at  Paris^  Obi.  6,  at  eight  in  the  evening,  whence 
we  fee,  that  the  caufes  of  thefe  earthquakes 
were  very  diftant.  At  Baftl  the  earthquake  was 
preceded  by  a  very  violent  fouth  wind,  like  a 
tempeft,  or  a  hurricane,  which  was  accompanied 
by  an  extraordinary  heat  in  this  feafon  of  the 
year,  tho’  it  was  very  cold  before.  At  that  time 
all  the  fnow,  which  was  very  deep  upon  the 
ground,  was  melted  in  lefs  than  two  hours,  and 
all  the  rivers,  and  the  Rhine  itfelf,  incrcafed  ex-' 
traordinarily,  which  had  not  been  feen  till  then  5 
but  when  this  wind  ceafed,  the  cold  began  again, 
and  there  fell  a  very  great  quantity  of  fnow,  to  the 
height  of  2  cubits.  Thefe  are  his  own  words. 
M.  Scheucbzer  obferves,  that  the  fame  accidents 
of  wind,  and  heat,  were  alfo  obferved  at  Zurich^ 
but  he  does  not  fay,  the  earthquake  was  felt  there, 
he  only  adds,  that  at  the  fame  time  he  obferved 
the  height  of  the  barometer  to  be  25  inches,  ii 
lines. 

In  the  lafl:  place,  he  relates,  'that  the  fruits  of 
the  earth  did  not  ripen  well  in  his^eighbour- 
hood, 


III. 
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IIL  '0/2  the  ebbing  and  flowing  of  the  fea^  by 

•  .  M,  Caflini,  junior^',  tranfated  by  Mr. 

Chambers. 

•  -  Men  have  long  been  enquiring  the  caufe  of 
that  continual  motion  of  the  fea,  whereby  its  wa¬ 
ters  in  the  fpace  of  24  hours  rife,  and  advance, 
twice  towards  the  fhore,  and  fall  again  ;  or  retire 
'as  often  again  therefrom. — The  motion  of  the  ri¬ 
ling  water  is  called  the  flux,  flowing,  or  flood,  and 
its  ftate  when  arrived  at  its  utmofl:  height  high 
water.  On  the  contrary,  the  motion  whereby  it 
defeends,  is  called  the  ebb,  or  reflux,  and  when 
it  ceafes  to  fall,  low- water. 

By  this  fucceflive  change  in  the  height  of  the 
fea-^water  when'  retired,  frequently  proves  too 
low  in  moil  parts  of  the  ocean  for  veflTels  of  a  cer¬ 
tain  burthen  to  enter  or  come  out  ;  feveral  rocks, 
■find  banks,  are  alfo  covered  at  certain  times 
*by  the  fea-water,  which  are  left  bare  at  others ; 
rfo  that  it  is  of  the  utmofl;  importance  for  the  fake 
‘of  navigation,  to  be  able  to  determine  the  periods 

•  of  the  flux  and  reflux,  and  to  have  an  exa61:  ac¬ 
quaintance  with  the  feveral  pheenomena  which  ob- 
itain  therein. 

The  memoir  drawn  up  by  the  academy,  and 
dent  by  the  count  de  Pontchartrane  to  the  king’s 
profeffors  of  hydrography,  in  the  ports  of  the 
ocean,  has  procured  a  great  number  of  obferva- 
tions  of  the  tide  to  be  made  with  all  the  accuracy 

'and  fuccefs  imaginable. - An  account  has 

already  been  given  of  thofe  made  at  Dunkirk  and 
HavrCy  to  which  we  fubjoin  feveral  obfervations, 
and  drew  new  rules  from  them.  The  bufinefs  now 
is  to  learn  whether  the  rules  which  agree  to  thofe 
two  ports,  be  general  and  capable  of  being  ex¬ 
tended  to  the  other  ports. 

April  6.  1712. 
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There  is  the  more  neceflicy  for  verifying  thefc 
rules,  as  feme  of  them  go  quite  counter  to  what  is 
commonly  fuppofed,  that  the  highefi:  tides  always 
happen  about  the  days  oi^  the  equinoxes.  An  opi¬ 
nion  which  feveral  philofophers  have  laid  down  as  a 
certain  rule,  and  ftrove  to  give  the  phyfical  reafons 
thereof. 

In  order  hereto,  feveral  more  obfervations  were 
required  in  other  ports,  like  thofe  made  at  Dun¬ 
kirk  and  Havre  *,  wherein  might  likevvife  be  ex- 
prefled,  the  time  of  low- water,  and  the  depth  of 
the  fea  in  that  ftate  *,  for  as  the  times  when  the 
fea  is  higheft  deferve  well  to  be  known,  as  being 
the  fitteft  for  entring  of  ports ;  fo  thofe  when  it 
is  lowed,  are  no  lefs  ncceflary  to  be  known  on  ac¬ 
count  of  their  unficnefTes  for  thofe  purpofes. - 

Something  of  this  kind  we  have  had  occafion  to 
examine  by  a  new  journal  of  obfervations,  both  of 
high  and  low- water,  made  at  Breft  by  the  fieur 
Montier  de  Longebamps  *,  it  begins  on  the  loth  of 
Juney  1711,  and  ends  on  the  laft  of  Jan.  1712. 
The  times  of  high-water  for  every  day,  both 
the  morning  and  evening  ones  are  here  regularly 
noted  with  the  height  of  water  therein  ;  and  com¬ 
monly  alfo  the  time  of  the  low-water,  and  the 
depth  of  water  in  that  ftate.  To  each  of  thefe  ob¬ 
fervations  care  has  been  taken  to  affix  the  confti- 
tution  of  air,  and  the  difpofition  of  the  wind, 
which  have  a  great  fhare  in  the  accelerating,  or 
retarding  the  tides,  and  the  different  heights  ob- 
ferved  therein. 

By  comparing  the  times  of  high-water  in 
the  new  and  full  moons  at  Breft y  we  find  that  the 
high-water  obferved  to  have  come  earlieft  was  on 
the  26th  of  September  1711,  at  3’ 13' fin  the 
morning ;  and  that  the  lateft  was  on  the  25th  of 
December  at  4^  30'  in  the  evening  \  fo  that  there 

are 


2i6  7^^  History ^WM£Moirs(^//6^ 

are  inequalities  in  the  time  of  the  tides  even  in  new 
and  full  moons,  yet  thefe  inequalities  may  be  in 
fome  meafure  reduced  to  a  rule,  by  fuppofing  the 
mean  time  of  high-water  at,  Brefi  to  be  at  3“  45', 
and  making  ufe  of  the  rule  prefcribcd  at  Dunkirk^ 
2LndHavre^  which  is  to  add  2'  to  the  mean  time  of 
high  water,  for  every  hour  that  the  time  of  new 
or  full  moon  anticipates  the  mean  time  of  high  wa¬ 
ter,  and  to  fubftrad  on  the  contrary  2  for  each 
hour,  that  the  times  of  new  or  full  moon  comes 
behind  the  mean  time  of  high-water. 

For  an  inftance,  on  the  28th  of  Augufi  171 1, 
the  day  of  lull  moon,  it  was  found  high-water  at 
4^  6'  in  the  evening,  and  the  time  of  full  moon, 
as  noted  that  day  in  the  ephemeris  was  at  5 '  8^  in 
^  the  morning,  the  difference  between  5''  8'  in  the 
morning,  and  3'' 45^  in  the  evening  *,  the  mean 
time  of^high- water  at  Brejt^  is  37' ;  the  double 
whereof  2 1  is  the  number  of  minutes  to  be  added 
to  3''45',  on  account  of  the  full  moon’s  anticipating 
the  mean  time  of  high-water,  the  fum  gives  the 
true  time  of  high-water  on  the  2  8th  of  Augufl  1 7 1 1 
at  4'’  6‘  in  the  evening,  the  fame  as  was  adually 
obferved.  So  on  the  9th  of  1 71 1,  the 

day  of  new  moon,  high-water  was  obferved  at  3*^ 
29'  i  in  the  evening,  in  the  ephemeris  new  moon 
is  noted  for  that  day  at  1 1'‘  15'  in  the  evening,  the 
difference  between  3''  45',  and  15',  is  7*'  30', 
the  double  whereof  1 5  is  the  number  of  minutes 
to  be  fubftra<5led  from  3''  45',  on  account  of  the 
times  of  full  moons  coming  behind  the  mean 
time  of  high-water,  the  remainder  gives  the  true 
time  of  high-water,  on  the  29th  of  December  1 7 1 1 
at  3''  30'  in  the  evening,  within  half  a  minute  of 
what  was  adlually  obferved. 

As  to  the. tides  in  the  quadratures,  high-water 
is  then  found  at  Breft^  nearly  about  the  fame  time, 

tho* 
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tho*  with  inequalities  fomewhar  greater  than  thole 
oblerved  in  tlie  new  and  full  moons,  which  is  a 
necefl'ary  confequence,  fuppofing  the  motion  of 
the  tides  to  depend  on  that  of  the  moon,  fince  that 
planet  is  found  by  aftronomers  fubje^f  to  greater 
inequalities  in  the  quadratures  than  in  conjun6lion 
or  oppofition. 

Taking  a  medium  between  thefe  inequalities, 
we  fhall  find  the  mean  time  of  higth-water  in  the 
quadratures,  at  Breft  at  8”  57',  and  the  true  time 
of  high  -water  will  be  determined  at  Breft  for  the' 
days  of  quadrature,  alter  the  fame  manner  as  was 
done  for  the  days  of  new  and  full  moon,  with  this 
only  difference,  that  in  lieu  of  two  minutes,  we 
muft  add  or  fubftrad;  from  the  mean  time, 
for  every  hour  the  quadrature  anticipates,  or  comes 
behind  the  mean  time  of  high-water. 

The  mean  time  of  high-water  at  Breft^  in  the 
new  and  full  moons,  being  fixed  at  3“  45',  and 
in  the  quadratures  ,at  8’  57',  gives  us  the  retarda¬ 
tion  of  the  tides  from  the  new  and  full  moons  to 
the  quadratures  5''  12^,  precifely  the  fmie  as  was 
obferved  at  Dunkirk^  and  within  2  minutes  of  what 
was  determined  at  Havre\  fo'that  w'e  may  take  it 
for  a  general  rule,  that  the  interval  betw^een  the 
times  of  the  tide  from  new  and  full  moon  to  the 
quadratures,  is  lefs  than  from  the  quadratures 
to  the  new  and  full  moons  ;  and  that  the  diurnal 
retardation  of  thefe  tides  goes  in  a  regular 
kind  of  progreffion,  tho’  the  terms  of  this  progref- 
fion  do  not  fall  upon  the  days  of  new  and  full 
moons,  and  quadratures,  but  one,  two,  or  three 
days  after ;  it  being  obfervable  that  the  effedl  of 
the  feveral  phafes  of  the  moon  upon  the  tides,  is 
not  communicated  immediately  •,  and  that  the  high- 
efl  tides  ufually  happen  two  days  after  new  and  full 
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moons,  as  the  lowed  ufually  happen  two  days 
after  the  qeiadratures. 

We  have  already  obferved  that  the  highefl  tides 
do  not  always  happen  about  the  equinoxes,  and  all 
the  lowed  about  the  foladices ;  but  that  the  dif¬ 
ferent  heights  of  the  tide,  feem  to  have  a  nearer 
relation  to  the  different  didances  of  the  moon  from 
the  earth  ;  this  rule,  which  agreed  with  the  obfer- 
vations  made  at  Dunkirk  and  Havre^  and  which 
we  venture  to  extend  beyond  thofe  ports,  is  farther 
confirmed  by  the  obfervations  made  at  Brejl  ;  for 
’tis  obferved  that  in  the  high  tides  happening  after 
new  and  full  moon,  the  fea  rifes  much  higher  when 
the  moon  is  near  the  earth,  than  when  fhe  is  fur¬ 
ther  didant  therefrom  *,  and  that  in  two  fucceeding 
new  moons,  where  the  moon  is  at  an  equal  didance 
from  the  earth,  the  tide  ufually  rifes  to  the  fame 
height. 

For  an  indance,  on  the  loth  of  November  1 7 1 1, 
the  day  of  new  moon,  the  moon’s  didance  from 
the  earth  was  93600  of  thofe  parts,  whereof  the 
mean  didance  is  100000,  which  is  one  of  the  fmal- 
ed  didances  that  can  happen  ;  and  accordingly 
the  tide  rofe  that  day  1 9  feet  3  inches.  On  the 
2 5th  of  November  following,  the  day  of  full  moon, 
the  moon’s  didance  from  the  earth  was  io654oof 
the  fame  parts,  which  is  one  of  the  greated  dif- 
tances  that  can  happen;  and  accordingly  the 
height  of  the  tide  that  day  was  only  found  16 
feet,  9  inches,  which  is  lefs  by  2  feet  4  inches, 
than  when  the  moon  was  nearer  the  earth  :  and 
this  pretty  much  in  the  fame  proportion  as  the 
moon’s  didance  from  the  earth.  On  the  contrary, 
the  didance  of  the  moon  from  the  earth  being 
pretty  equal  on  the  full  moon  of  the  29th  of  July^ 

'  1711,  and  the  new  moon  enfuing  on  the  14th  of 
the  highed  tides  which  followed  on  the 

13d 
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31  of  July^  and  i6th  of  Auguft^  were  found 
about  the  fame  pitch. 

But  the  height  of  the  tides,  which  in  thefc 
obfervations  feems  to  depend  on  the  diftance  of 
the  moon  from  the  earth,  does  not  fuit  fo  well 
with  the  rule  of  the  equinoxes  ;  for  on  the  26th 

September^  the  day  of  full  moon  immediately 
following  the  autumnal  equinox,  high-water  rofe 
in  the  evening  to  17  feet,  5  inches-,  and  on  the 
day  following,  which  was  that  of  the  highefl:  tide, 
it  rofe  to  1 7  feet  6  inches  ;  on  the  1 2th  of  OBober 
next,  the  day  of  new  moon,  the  height  of  the  tide 
in  the  evening  was  found  19  feet,  5  inches  ;  and 
the  next  day  which  was  the  time  of  higheft  tide, 
it  rofe  in  the  evening  to  19  feet  6  inches  j  which 
was  higher  by  2  feet  than  on  the  2  7  of  Sept  embers 
tho*  according  to  the  rule  of  the  equinoxes  this 
tidefhould  have  been  lower  than  the  former,  which 
was  nearer  the  autumnal  equinox  ;  but  if  regard 
be  had  to  the  moon’s  diftance  from  the  earth  in 
thefe  two  obfervations,  it  will  appear  that  the 
tide  ftiould  have  been  lower  on  the  27th  of  Septem^ 
her^  than  on  the  13th  of  OBober^  fince  the  moon’s 
diftance  from  the  earth  in  the  full  moon  of  September 
was  103970  greater  by  much,  than  in  the  new 
moon  of  OBober^  when  it  was  94680. 

This  relation  of  the  tides  with  the  diftance  of 
the  moon  from  the  earth,  not  only  holds  in  the 
high  tides  fucceding  new  and  full  moons,  butalfo 
in  the  lefter  tides  which  follow  the  quadratures  ; 
for  on  the  6ch  of  Auguft,  171 1,  the  day  of  thelaft 
quadrature  of  the  moon,  when  her  diftance ’from 
the  earth  is  106300,  which  is  one  of  the  greateft 
that  can  happen,  it  was  found  on  the  8th  ol  An- 
guft  following  the  day  of  loweft  tide,  that  the 
flood  only  rofe  10  feet  10  inches  4  lines,  which 
is  one  of  the  loweft  that  has  been  known. 

F  f  2 
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On  the  2 1  (I  of  Augujt  following,  the  day  of  the 
firft  quadrature,  the  moon’s  diftance  from  the  earth 
was  97700,  which  was  much  lefs  than  on  the  8th 
oiAugu^^  and  accordingly  on  the  22d  of  Augufl^ 
the  day  of  lowell  tide,  it  rofe  to  i  2  foot  5  inches 
6  lines,  which  was  higher  by  1  foot  7  inches  than 
on  the  8th  of  Augujt.  So  on  the  17th  of  No¬ 
vember  17 1 1,  the  day  of  the  firft  quadrature,  the 
moon’s  dilhince  from  the  earth  being  nearly  the 
fame  as  on  the  3d  of  December.^  in  the  fame  year 
the  day  of  the  laft  quadrature,  the  low  tides  im¬ 
mediately  following  thofe  phafes  were  fonud  a- 
bout  the  fame  height. 

It  appears  therefore  beyond  doubt,  that  the 
different  diffances  of  the  moon  from  the  earth  is 
one  of  the  chief  caufes  of  the  different  heights  ob- 
ferved  in  the  tides,  which  agrees  likewife  with 
Mr.  Cbildreyh  obfervations,  related  in  the  Philo- 
fophical  Pranfa^ions  for  Odioher  1670,  where  he 
gives  an  account  of  feveral  high  tides,  which 
caufed  great  inundations  in  England.^  and  which 
all  happened  when  the  moon  was  in  perigeo. 

After  laying  down  rules  for  determining  the 
time  of  high-water,  and  the  days  of  higheft  and 
lowed  tides,  we  proceed  now  to  confider  what 
befalls  in  low-water,  that  is,  after  the  fea  is  with¬ 
drawn  and  funk  to  her  lowed  date,  which  is  alfo 
obferved  twice  a  day. 

It  fliould  feem  at  fird  fight,  that  the  ebbing 
and  flowing  of  the  fea  being  a  fucceffive  motion, 
the  time  of  low-water  fhould  be  a  medium  be¬ 
tween  the  times  of  high-water  immediately  pre¬ 
ceding  and  following  it*,  but  by  all  obfervation 
the  fea  employs  more  time  in  falling  than  in  ri- 
fing  *,  the  reafon  may  be,  that  the  force  which 
obliges  the  fea  to  rife  dill  fuhfids  for  fome  time 
after  it  has  arrived  at  its  utmoft  height,  and  thus 

keeping 
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keeping  the  water  in  fome  meafure  fufpended, 
prevents  their  falling  with  fo  much  velocity,  as 
they  would  do  if  nothing  hindered  their  defeent. 

It  follows  hence,  that  to  enter  a  port,  ’tis  by 
no  means  fafe  to  come  before  the  tide,  fince  at 
equal  diftances  of  time  the  fea  is  lower  before, 
than  after  high-water. 

But  what  is  more  remarkable  in  low- water  is, 
that  the  higher  the  fea  had  rofe,  the  lower  it 
finks  again  *,  and  the  lefs  high  the  tide  had  been, 

the  lefs  low  will  it  be  after  the  ebb. - For  an 

inftance,  on  the  13th  of  051,  17  ii,  the  day  of 
the  higheft  tide  at  the  water  rofe  19  feet, 

6  inches,  above  the  fixed  point ;  but  upon  the 
fea’s  withdrawing,  it  was  found  i  foot,  lo'inches, 
below  the  fome  point ;  fo  that  the  fea  had  fallen 
that  day  2 1  feet,  4  inches. - On  the  con¬ 

trary,  on  the  6th  of  Step,  the  day  of  the  lowefl: 
tide  high-water  was  found  at  10  feet,  3 

inches  ;  and  low-water,  on  the  day  preceding, 
was^5  ^  ^  inches ;  fo  that  the  fea  had  only 
fallen  that  day  4  feet,  4  inches. 

Hence  it  appears  more  eafy  to  determine  the 
time  of  high-water  about  new  and  full  moons, 
than  about  the  quadratures ;  fince,  in  a  fpace  of 
time  almofl  equal,  the  fea  fometimes  rifes  5  times 
more  in  the  new  and  full  moons,  than  the  qua- 
dratures. 

From  thefe  obfervations  it  likewife  appears, 
of  how  much  importance  it  is  to  know  the  time, 
of  hish-water  in  new  and  full  moons,  fince  on 
thefe  occafions  the  fea-rifes  or  falls  with  more  ra¬ 
pidity  than  about  the  quadratures  ;  fo  that  to 
bring  a  veflel  into  a  port  where  there  is  only  depth 
of  water  fufficient  at  the  time  of  new  and  full 
moon,  might  be  dangerous,  if  the  pilot  were 

not 
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not  well  informed  of  the  precife  time  of  high’ 
water. 

From  thefe  obfervations  new  rules  might  be 
bid  down  for  determining  the  time  of  high  and 
low- water,  and  the  height  thereof  at  Breji^  for  all 
times  of  the  year  v  and  thefe  rules  being  added  to 
thofe  already  preferibed  for  finding  the  time  and 
height  of  high-water  at  Dunkirk^  and  Havre^ 
will  include  almoft  every  thing  to  be  defired  on 
this  head,  for  the  advantage  of  navigation. 

Tho’  our  intention  be  not  here  to  give  a  gene¬ 
ral  theory  of  the  ebbing  and  flowing  of  the  fea, 
yet  we  fhall  here  fubjoin  our  fentiinent  as  to  the 
caufe  of  tlie  principal  phoenomena  obferved  there¬ 
in. 

In  order  to  this,  we  fuppofe,  that  th^  ebbing 
and  flowing  of  the  fea,  may  arife  from  the  pref- 
lion  of  the  fun  and  moon,  upon  the  cocleftial  mat¬ 
ter  which  furrounds  the  earth  ;  but  more  from  the 
preflion  of  the  moon  which  is  nearer  us,  than  that 
of  the  fun,  which  is  farther  off. 

Now  in  the  new  and  full  moons,  when  the  fun 
and  moon  are  nearly  in  the  fame  direction  with 
regard  to  the  earth,  thofe  two  luminaries  poflef- 
flng  a  place  in  the  matter  which  iurrounds  the 
earthy  necefllirily  comprefs  that  matter,  and  here¬ 
by  prefs  upon  the  water  in  the  fea,  which  being  ob¬ 
liged  to  give  way,  and  flow  on  either  fide  from  the 
place  of  preflu  re  to  the  diftance  of  90^,  where 
the  fea  mufl:  be  at  its  greatell  height  *,  in  other 
fituations  of  the  moon  from  the  fun,  the  moon’s 
adlion  being  dire6led  differently  from  that  of  the 
fun,  the  preflure  upon  the  earth  mufl  be  lefs,  and 
confequently  the  fea  lefs  high  in  its  flux,  as  well 
as  lefs  low'  in  its  reflux  laflly,  the  effeft  of  the 
fun  being  oppofite  to  that  of  the  moon  in  the 
quadratures,  the  prefllire  occafioned  by  the  moon 

mufl 
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muft  be  partly  deftroyed  ;  and,conrequently,  the 
fea  be  higher  in  the  time  of  low- water  ;  but  lower 
in  the  time-  of  high-water,  as  is  adualJy  ob- 
ferved. 

As  to  the  different  diftances  of  the  moon  from 
the  earth,  they  muff  have  a  fenfible  effe(fl  on  the 
heights  of  the  tides  *,  for  the  preffion  of  the  moon 
upon  the  earth,  mud  needs  be  greater  when  near 
the  earth,  than  when  further  off.  Since  the  mo¬ 
tion  communicated  in  a  fluid  near  at  hand,  a6ts 
more  forcibly  than  that  communicated  at  a  greater 
diftance,  that  it  may  be  obferved  in  a  fluid  put 
into  motion,  whereof  thofe  parts  neareft  the 
place  where  the  motion  commences  are  more  agi¬ 
tated  than  thofe  further  off. 

IV,  ReJleBions  tipoii  obfervations  of  the  baro^ 
meter  made  by  M.  Vallerius  dtredior  of fi- 
*ieeral  copper  mnies  tn  Sweden,  by  M.  de 
la  Hire,  jun,  tranflated  by  Mr.  Cham¬ 
bers^. 

Shewing  M.  Vallerius^  who  is  a  good  mathema¬ 
tician,  when  he  was  fome  years  ago  at  Paris^  the 
changes  which  the  mercury  in  the  barometer  un¬ 
dergoes  between  the  top  and  bottom  of  the  obfer- 
vatory,  I  defired  him  to  make  the  fame  experi¬ 
ments  in  the  mines  under  his  care,  which  he  did 
accordingly  laft  fummer  in  the  wells  of  Flemengie- 
nus  and  Flemingjfchatety  and  the  mines  called 
Falbunenfes  in  the  great  copper  mountain,  and 
upon  the  mountain  Grufriis-barget  adjoining  to 
thofe  mines  the  heavens  being  very  cloudy,  and 
the  wind  pretty  ftrong,  fo  as  to  abate  the  heat. 

He  began  his  experiments  with  an  obfervation 
of  the  barometer  at  the  entrance  of  the  mine, 
‘  where 
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where  he  found  the  mercury  at  the  24th,  loth, 
and  the  fourth  looth  of  the  Szvedijh  foot,  which, 
in  meafure,  are  equivalent  to  26  inches,  9 

lines,  /o~o  of  a  line - Here  it  may  be  proper  to 

obferve,  that  the  Swedes  divide  their  feet  into 
12  parts,  each  loth  into  10  more,  which  they 
call  lines,  and  each  line  into  10  parts. 

Then  defcending  with  the  barometer  into  one 
of  thefe  mines  45  Swedijh  fathom  deep  equiva¬ 
lent  to  41  fathoms,  i  foot,  2  inches,  i  line,  f, 
Paris  meafure,  he  found  the  mercury  {landing  at  the 
24th  tenth,  7  lines,  anfwering  to  27  Paris  inches, 
I  line,  and  jVa  of  a  line;  conlequently  the  mercury 
had  arofe  3  SwedilhVm^s  for  45  of  their  fathoms 
deep,  equal  in  to  3  lines  f oj  of  a  line  for  41 
fathoms,  i  foot  2  inches,  i  line  {  Paris  meafure. 

He  continued  defcending  45  SwediJIo  fathoms 
more,  which  is  the  lowed  he  could  go,  and  ob- 
ferving  the  barometer  here,  found  the  mercury 
at  the  2  5hc  tenth  ;  fo  that  it  had  drofe  3  Swedijh 
lines,  as  in  the  former  45  fathoms,  viz.  'to  27 
inches,  5  lines  Paris  meafure.  Hence  for  90 
Swedijh  fathoms  we  find  6  lines  difference  in  the 
height  of  the  mercury,  which  amount  to  7  lines, 
f  JS  82  fathoms,  2  feet,  4  inches,  3  lines,  Paris 
meafure. 

'  But  to  be  further  affured  of  the  accuracy  of  his 
obfervations,  he  made  2  in  his  return  up  again, 
whereby  the  whole  depth  was  divided  into  3 
equal  parts ;  whereas  in  going  down,  he  had  on¬ 
ly  made  one  in  the  middle;  after  afeending  30 
Swedijh  fathoms,  he  found  the  mercury  funk  2 
SwediPs  which  anfwers  to  2  lines  for 

27  fathoms,  2  feet,  6  inches,  9  lines,  Paris  mea¬ 
fure. - Afeending  30  Swedpo  fathoms  fur¬ 

ther,  he  found  the  mercury  funk  2  Swedijh  lines, 
►———Afeending  30  Swedijh  fathoms  further, 
1  he 
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be  found  the  mercury  funk  2  Swedi/h  lines.' - - 

And  laftly,  arriving  at  the  entrance  of  the  mines, 
which  is  30  fathom  further,  he  found  the  mercu¬ 
ry  funk  2  Swedi/h  lines  lower,  fo  that  it  now  flood 
at  the  24th  tenth,  and  4  lines,  as  at  hrft. 

Not  contented  with  thefe  obfervations,  M.  Val^ 
leriiis  made  others  on  the  mountain  Grufriis-ber- 
get^  adjoyning  to  the  mine  juft  mentioned,  and 
afcending  the  mountain  1 5  Swedi/h  fathoms  per¬ 
pendicularly  high,  he  found  the  mercury  i  Swe-- 
di/h  line  lower  than  at  the  foot  of  the  mountain, 
or  the  entrance  of  the  mine,  which  amounts  to  i 
line,  for  13  fathoms,  4  feet,  3  inches,  4 

lines  I  Paris  meafure - Continuing  to  af- 

cend  15  Swedi/h  fathoms  higher,  he  found  the 
mercury  i  Swedi/io  line  lower  than  in  the  former 

obfervation - and  arriving  at  length  at  the  top 

of  the  mountain,  which  was  22  Swedi/h  fathoms 
higher  than  in  the  former  obfervation,  and  con- 
fequently  52  Sw.edi/h  fathoms  above  the  entrance 
of  the  mine,  he  found  the  mercury  funk  i  Swedi/Ij 
line  fo  that  it  now  flood  at  the  24thdecad, 
and  /o  of  a  line,  and  thus  for  52  Swedifh  fithoms 
had  funk  3  lines  A,  which  in  Paris  meafure 
makes  4  lines  for  47  fathom  3  feet,  2  inches,- 

10  lines 

Defcending  the  mountain  again,  he  obferved 
the  heights  of  the  mercury  in  the  fame  places  as 
before,  and  found  the  fame  differences,  whence  he 
infers,  that  9  lines,  and  A  of  mercury,  correfpond 
to  142  fuhoms  ol  air,  Swedi/h  which 

amounts  to  12  lines  for  129  fathoms,  4  feet, 

11  inches,  i  line,  and 

For  the  more  exaflnefs  of  his  obfervations,  M. 
Vallerius  informs  me  that  he  made  them  with  two 
barometers  which  perfectly  agreed  from  beginning 
to  ending. 

VoL.  iV.  40.  G  g 
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By  examining  the  obfervations  above  related, 
that  from  the  bottom  of  the  mine,  to  27  fathoms, 
2  feet,  6  inches  9  lines  perpendicular  height,  above 
the  top  of  it,  there  are  109  fathoms,  4  feet,  3 
inches,  for  which  the  mercury  funk  10  lines,  and 
foo9  fo  that  there  was  always  a  line  difference  in 
the  height  bf  the  mercury,  to  loiathoms,  i  foot, 
6  inches,  4  lines,  the  mercury  at  the  bottom  of 
the  mine  ftanding  at  27  inches,  5  lines,  and  at  the 
top  of  the  mountain  109  fathoms,  at  26  inches, 
6  lines,  and 

Thefe  I  take  to  be  the  firfl:  experiments  of  the 
barometer,  in  places  of  this  depth,  which  makes 
them  of  the  more  confequence,  as  they  Ihew  that 
the  fame  differences  in  the  height  of  the  mercury, 
correfpond  to  the  fame  height  of  air,  whether  it 
be  upon  a  mountain,  or  within  the  ground,  even 
in  a  deep  mine,  where  one  might  imagine  that  the 
great  plenty  of  vapours,  muft  have  made  the  air 
confiderably  heavier  than  elfewhere. 

Now  upon  comparing  the  obfervations  of  M. 
Vallerius^  with  thofe  made  in  France^  it  appears 
that  a  line  difference  in  the  height  of  mercury  in 
Sweden^  correfponds  to  a  lefs  height  of  air,  than 
the  fame  is  found  to  do  by  Meff.  Cajfiniy  Picardy 
and  de  la  Hire  in  this  country. 

For'M.  Caffini  at  the  foot  of  the  mountain 
Nolre-Dame  de  la  Garde,  uo.'SiX  Foulon,  found  his 
barometer  at  28  inches,  which  after  afeending  to 
the  top,  178  fathoms  2  feet,  was  fiink  to  26  inches 
8  lines,  fo  that  178  fathom  2  feet,  gave  a  di¬ 
minution  of  16  lines,  which  is  10  fathoms  5  feet 
per  line,  fuppofing  the  air  equally  denfe  in  this 

whole  height - M.  Picard  again  on  Mount  St, 

Michael  found  his  barometer  fink  from  the  Greve^ 
to  the  dial  on  the  middle  of  the  church,  4  lines  |, 
the  depth  between  which  places  is  64  fathoms, 

wheiice 
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whence  he  infers,  that  a  line  ditference  in  the 
height  of  mercury  anfwers  to  14  fathoms,  i  foot, 

4  inches. - Laftly,  my  father  on  the  mount 

Clairet^  by  Totilony  found  his  barometer  at  26 
inches,  4  lines,  \  *,  but  defcending  to  the  banks 
of  the  fca  he  found  it  at  28  inches,  2  lines,  which 
is  21  lines  7  for  257  fathoms  depth,  or  12  fa¬ 
thoms  per  line ;  and  from  the  like  experiments 
at  Meudoriy  he  found  6  lines,  finking  of  mer¬ 
cury,  for  85  fathoms,  2  feet,  height  of  air, 
which  gives  1 2  fathoms,  and  4  feet,  nearly  for  a 
line  *,  by  other  experiments  made  at  the  obferva- 
tory,  he  found  a  line  of  mercury  anfwer  to  12 
fathoms,  2  feet  and  f. 

jun.  in  the^mcmoirs  for  the  year  1705*, 
gives  a  table  of  the  heights  of  air  correfponding  to 
the  heights  of  mercury  in  the  barometer,  founded 
on  a  rule  eftabliflied  by  M'.  wherein  it  ap¬ 

pears,  that  at  27  inches,  5  lines,  the  height  of 
mercury  found  by  M.  ValUrius  at  the  bottom  of 
his  mine,  1 1  fathoms,  i  foot,  correfpond  to  a 
line  difference  of  height  of  mercury  •,  and  that 
at  26  inches,  6  lines,  which  is  nearly  the  height 
M.  ValUrius  was  at  on  the  mountain  Grufriis- 
hergety  13  fathoms  of  air  anfwer  to  a  line  of 
mercury. 

The  above-mentioned  heights  correfponding  to 
a  line  of  mercury  are  all  greater  than  that  found 
by  M.  Valleriusy  tho’  they  fhould  be  fmaller,  fup- 
pofing  as  we  may  probably  do,  that  the  air  is  lefs 
and  lefs  denfe  the  further  it  is  off  the  earth,  fince 
they  are  all  founded  on  experiments  which  began 
at  a  point  where  the  barometer  ftood  at  28  inches; 
whereas  that  of  M.  ValleriuSy  when  lowed,  was 
only  at  27  inches,  5  lines. - But  as  this  proof 
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may  not  feem  convincing,  I  Ihall  fubjoin  ano¬ 
ther  founded  on  the  fame  principle,  viz,  that  the 
air  is  an  heavy  elaflic  body. 

IF  the  atmofphere  *  CX,  which  I  fuppofe  of  a 
certain  extent  from  the  centre  of  the  earth  C,  be 
divided  from  the  top  fo  as  to  give  all  the  points 
.  X,  U,  T,  S,  i^c.  where  the  mercury  changes  a 
line  in  its  height,  thefe  points  will  mark  fpaces 
which  go  continually  dinainifhing  in  a  certain 
proportion. 

If  now  a  barometer  be  placed  in  any  part  of 
the  atmofphere,  thus  divided  as  in  R,  and  the 
mercury  be  found  for  inftance  at  26  inches  ;  if  we 
would  have  it  to  fink  a  line,  we  mud  raife  it  to  S  ; 
but  if  while  the  barometer  ftands  in  R,  the  atmo¬ 
fphere  growing  higher,  makes  the  mercury  rife 
27  inches.  To  make  the  mercury  now  fall  a 
line,  we  muft  not  raife  it  the  height  RS,  but  the 
height  EF  *,  for  that  the  different  changes  of  the 
atmofphere,  produce  the  fame  cffe6ls  on  a  baro¬ 
meter  which  keeps  it  place,  as  would  be  produced 
by  removing  it  into  a  higher,  or  lower  place, 
while  the  air  undergoes  no  alteration. 

But  by  the  experiments .  of  M.  Valleritis  we 
find,  that  at  a  certain  height  of  the  barometer,  a 
fmaller  height  of  air  anfwcrs  to  a  line  of  mercury 
in  Sweeden  than  in  France^  than  is  found  at  a 
greater  height  of  the  barometer  in  France,,  which 
Ibews,  that  the  atmofphere  is  much  higher  in  the 
northern  countries  than  ’cis  here ;  and  hence  it 
feems  to  follow,  that  the  perpendicular  height 
correfponding  to  a  line  of  mercury  at  a  greater 
height  of  the  barouieter  in  France. 

It  had  been  conjecflured  from  the  obfervation 
of  M.  Richer.,  at  Cayenne.,  that  the  atmofphere 

*  Plate  V.  Fig.  i  z. 
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becomes  higher  as  it  is  farther  from  the  line,  the 
greateft  height  of  mercury  which  he  found  there 
during  a  whole  year,  being  only  27  inches,  i 
line  ;  whereas,  at  the  obfervatory,  no  year  pafles 
wherein  it  does  not  rife  above  28  inches. 

But  the  atmofphere  being  higher  in  the  nor¬ 
thern  than  the  fouthern  countries,  tixe  refra6lion 
muft  be  much  greater,  which  we  find  accordingly 
from  the  obfervacioris  of  fome  aftronomcrs  who 
attended  king  Charles  II.  of  Sweden^  in  an  ex¬ 
pedition  towards  the  north  pole. 

It  remains  to  account  for  the  differences  be¬ 
tween  the  obfervations  made  in  thefe  countries, 
for  determining  the  perpendicular  height  of  air 

correfponding  to  a  line  of  mercury. - After 

fifting  the  feveral  changes  which  'may  befall  the 
air,  I  apprehend  this  difference  owing  to  two 
principal  caufes ;  the  firft,  to  a  greater  or  lefs 
height  of  the  atmofphere ;  and  the  fecond,  to 
trains  of  vapours  diffufed  thro’  the  air  near  the 
earth,  which  on  fome  occafions  may  make  the 
fpaces  of  the  air :  they  are  in  heavier  without  any 
confiderable  alteration  in  the  height  of  the  whole 
atmofphere. 

V.  A  continuation  of  the  obfervations  on  the 
bezoars^  by  M,  Geoffroy,  junior^. 

m 

In  my  firfl  obfervations  I  have  remarked,  that; 
there  is  generally  in  the  centre  of  each  bezoar 
fome  foreign  body,  about  which  the  bezoardic 
Jlrata  are  formed  and  difpofed.  It  has  alfo  appeared 
to  me,  that  it  might  be  afign,  that  the  ftones  are 
not  counterfeited,  as  thofe  who  fhould  endeavour 
to  counterfeit  them,  would  not  think  of  ufins  a 
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precaution,  which  would  be  of  no  fervicetothem  ; 
and  befides,  they  would  never  take  the  pains  to 
leek  for  fo  great  a  variety  of  fubftances,  as  thofe 
w'hich  ferve  for  a  bafe  to  the  different  bezoar 
ftbnes. 

The  very  foffil  bezoars  are  formed  after  the 
fame  manner.  Bocccne  has  obferved  kernels  in 
them  of  different  forts,  pebbles,  gravel,  wood, 
ipetal,  coals,  I  have  examined  that  fort, 

called  Priapolites^  which  grows  in  Languedoc  \ 
and  one  of  them  was  given  me  by  M.  Bon  ;  the 
centre  of  which  is  occupied  by  a  piece  of  rock 
cryftal. 

.  Among  the  different  kernels  found  in  the  ani¬ 
mal  bezoar  ftones,  I  have  obferved  one  w’hich 
appeared  to  me  to  refemble  the  ftones  of  Cajfia 
or  Tamarind^  but  fmallcr.  I  have,  however, 
found  fince,  that  it  might  be  the  fruit  of  a  pod, 
which  I  had  not  feen  before,  refembling  that  of  the 
pod  of  the  tree,  called,  Acacia  vera  ABgyptiana. 
This  tree  grows  in  Egypt  ^Arabia^^rA  other  places. 
The  pod,  which  is  brought  to  us  from  Senegal^  is 
^,or  3  I  inches  long,  and  9  or  10  lines  broad; 

It  is  compofed  of  an  outer  wind  an  inner  mem¬ 
brane.  The  outer  membrane  is  very  tender,  of 
4  brown  colour,  and  faftened  to  the  inner  one, 
which  is  cartilaginous,  and  very  thin.  The  mat¬ 
ter,  which  unites  them,  is  gummy,  of  a  tranfpa-  , 
rent  yellowifh  colour  ;  it  melts  in  the  mouth,  and 
has  a  very  rough  tafle.  In  the  longeft  pods  I 
have  found  8  grains  feparated  from  one  another 
by  a  fort  of  coritradlion,  which  reunites  the  fidcs 
of  the  membrance.  Each  cavity  of  thefe  pods 
contains  a  flat  grain,  refembling  a  lupine,  fome- 
times  exaftly  circular,  and  fometimes  a  little 
compreffed  by  the  contradtion  of  the  pod,  w  hich 

is 
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is  clofer  in  the  middle  than  at  the  two  ends  ;  fo 
that  the  fruits  of  the  middle  of  the  pod  are  a  little 
comprefled,  and  thofe  of  the  end  are  exadly* 
round. 

What  made  me  judge  that  thefe  fruits  were 
thofe  which  I  had  obfcrved  in  the  bezoar, 
which  is  round,  and  a  little  flatted,  is  that  I  have 
found  them  to  have  the  fame  marks,  and  among 
many  others,  a  circular  whitidi  line,  drawn  upon 
each  face  of  the  fruit,  fuch  as  appears  upon  that 
which  is  found  inclofed  in  the  bezoar.  I  put  fome 
of  thefe  fruits  in  water,  they  fwelled  almoft  in  the 
fame  manner  as  they  would  have  done  when  found 
in  the  (tomach  of  the  animal,  where  they  began 
to  be  covered  with  the  bczoartic  matter.  The 
tindlure  which  I  drew  from  thefe  fruits  was  red 
and  very  four.  I  threw  a  little  vitriol  into  it,  and 
it  grew  black  :  thefe  feeds,  and  their  pods  are 
ufed  in  the  country  where  they  grow,  to  tan  lea¬ 
ther.  From  their  dccodlion  in  water  is  drawn  a 
juice,  which  is  thickened,  and  brought  to  us  under 
the  name  of  Succus  Acacia.  Ir  is  alfo  pretended, 
that  from  this  Acacia  tree,  that  the  *guni  is  ob¬ 
tained,  which  we  call  gum  arable,  and  gum  fene- 
gal.  Is  there  any  probability  that  the  makers  of 
the  bezoar  fhould  go  to  look  among  other  things 
for  the  fruit  of  the  Acacia^  to  make  one  of  the  bafes 
of  their  compofition  ?  And  is  it  not  more  likely 
that  thefe  fruits  and  fbme  others,  which  ferve  for 
nourifhment  to  the  animals,  caufe  by  their  aftric- 
tion  a  thickening  of  liquors  in  the  flomachs  of  thofe 
animals,  which  eat  the  mod:  of  it ;  this  thicken¬ 
ing  of  liquor  may  caufe  the  formation  of  the 
bezoar  flones. 

This  is  the  manner  in  which  thofe  ftones  grow 
in  the  ftomach  of  the  animal  that  bears  them,  and 

grow 
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grow  to  the  ftate  in  which  we  find  them.  There 
may  be  feveral  found  in  the  ventricle  of  a  fingle 
animal.  Tavernier  fays  exprefly,  that  fix  of 
thefe  goats  which  he  had  for  a  prefent,  had  in  all 
17  bezoars,  that  they  might  be  felt  on  the  outfide 
and  counted,  which  increafed  the  price  of  thefe 
animals,  in  proportion  to  the  number  of  bezoars 
that  were  felt  in  them.  This  agrees  perfed;ly  with 
\i\i2iiClufius  relates  of  the  animals  which  afford 
the  occidental  bezoar.  He  fiys,  that  a  friend  of 
his  in  Peru^  who  had  firfl:  made  the  difeovery  of 
the  occidental  bezoar,  being  defirous  to  know 
how  thefe  ftones  were  formed  in  the  body  of  thefe 
animals,  diffeded  one  of  them,  and  found  in  the 
ftomach  a  fort  of  pouch,  where  thefe  ftones  were 
ranged  in  order,  as  the  buttons  upon  a  coat. 

Thefe  two  paflages  are  quite  oppofite  to  what 
Pomet  tells  us,  that  only  one  bezoar  is  found  in 
the  belly  of  each  animal.  He  alfo  affures  us, 
that  he  would  not  have  ventured  to  contradid 
the  authors,  who  have  treated  of  it;  had  he 
not  had  a  piece  in  his  hands  tojuftify  his  opi¬ 
nion. 

It  will  be  proper  to  examine  it  here,  as  no¬ 
body,  that  I  know  of, has  publickly 
error  concerning  the  pretended  coat  of  the  animal 
bezoar y  which  he  faid  was  one  of  the  greateft  cu- 
riofities  that  had  been  feen  for  a  long  time  in  France 
in  the  opinion  of  all  judicious  perfons. 

Phis  coat  isy  fiys  he*,  of  the  hignefs  of  a  goofe 
*  having  on  the  outfide  a  Jhort  rough  hair^  of 

a  tawny  colour y  which  being  cut  in  twoy  difeovers  a 
thin  brown  fjelf  which  covers  another  white  Jhelf 
as  hard  as  a  bone^  in  which  the  fione  is  containedy 
that  is  called  the  bezoar. 

•  *  pQfnet  in  Lis  traite  des  drogues f  linjre  des  anitn.  pag.  lO. 
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Now  this  fo  Angular  a  covering  of  the  bezoar^ 
of  which  he  pretended  to  have  made  the  difcovery> 
is  not  any  part  of  the  animal  which  bears  the  bezoar-t 
but  an  exotic  fruiti  in  which  either  Pomet^  orfome 
quack,  whom  he  had  fuffered  to  impofe  upon  him^ 
had  very  artfully  inclofed  a  bezoar  (lone.  This 
fraud  was  not  difcovered  ’till  about  a  year  ago. 
As  I  was  to  examine  this  Angular  drug  of  M.  Pq- 
met^s  in  company  with  M.  Vail! ant  and  M.  de 
JuJfieu^  demonArators  of  the  plants  in  the  royal 
garden,  we  perceived  that  this  pretended  covering 
could  not  be  a  part  of  any  animal,  and  that  it 
muft  be  fome  fruit  but  little  known  :  This  was  af¬ 
terwards  veriAed  by  M.  Vaillant^  who  found  he 
had  fome  of  thefe  fruits,  and  could  make  bezoars 
of  them,  with  their  coverings,  juft  like  the  bezoar t 
fo  much  efteemed  by  Pomet ;  and  1  have  made 
fome  of  them  myfelf.  This  fruit  grows  Upon  a 
fort  of  palm-tree  deferibed  by  John  BauhinuSy  and 
called  by  him  Palma  cuciofera :  this  fruit  is  alfo 
deferibed  by  Pheophrafius,  The  tree  grows  in 
Egypt^  Nubia  and  Ethiopia,  Cordus  calls  it  Nux 
Indica  minor ^  and  has  given  a  defeription  of  the 
fruit,  fuch  as  I  have  juft  now  related  from  Pomet ^ 
in  fpeaking  of  the  coat  of  the  bezoar.  This  de¬ 
feription  wants  only  one  particularity  omitted  by  Po^ 
met^  which  is  the  Acin  that  again  covers  the  whole 
fruit,  and  is  of  a  tawny  yellow  colour;  the  fruit 
has  a  footftalk  divided  into  6  parts,  3  great  ones, 
and  3  fmall  ones.  This  would  have  been  fufficient 
to  have  undeceived  him,  or  thofe  who  have  been 
deceived  after  him,  and  it  is  of  fervice  toward  the 
perfection  of  natural  hiftory,  that  frauds  of  this 
kind  ftiould  be  carefully  revealed.* 

It  is  not  without  reafon  that  I  put  in  my  laft 
memoir  in  the  rank  of  bezoars  all  the  fubftances 

VoL.  IV.  N?.  40.  Hh  that 
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that  are  formed  in  ftrata  in  the  bodies  of  animals. 
The  pearls  which  I  reckoned  in  this  numb^er,  de- 
ferve  it  fo  much  the  better,  as  I  have  tpund  lome 
in  certain  lliells,  fo  like  the  comrnon  bezoar^  that 
they  are  hard  to  be  diftinguiflie^d  at  firfl  fight : 
Thefe  pearls  are  engendered  in  a  fort  of  fhell-fifh, 
called  Pinna  Marina^  Pinna  five  AJlura  Mathioli-, 
we  fee  a  great  quantity  of  them  on  the  coalfs  of 
Provence^  where  they  fifh  in  April  and  May\  this 
fort  of  Mi  is  called  nacre  in  that  country. 

The  pearls  which  are  found  in  thefe  fhells^  are 
all  of  the  fame  water;  fome  are,  as  I  have  faid, 
perfe6lly  like  bezoar  ftones ;  others  of  a  coral,  and 
amber  colour,  and  others  of  a  pearl  colour,  but 
more  leaden;  the  mofl  ufual  fhape  of  them  is  that 
of  a  pear.  All  thefe  varieties  of  fhape  and  colour 
do  not  hinder  them  from  being  of  the  fame  nature^ 
fince  they  grow  in  the  body  of  the  fame  fifli ;  I 
have  four  of  a  different  water  and  fliape,  which 
were  taken  out  of  the  fame  Ihell.  That  thefe,  and 
all  other  pearls  are  formed  in  the  body  of  fhell- 
fiflies,  as  the  common  bezoar  is  in  the  goats 
that  furnifh  it,  is  not  difficult  to  prove,  fince  upon 
breaking  them  they  are  found  to  have  flripes  like 
certain  bezoars  already  mentioned,  and  formed  a* 
bout  a  nucleus  or  kernel,  which  feems  itfelf  to  be  a 
liltle  pearl. 

Some  of  them  are  fo  uneven,  that  they  do  not 
preferve  the  figure  of  pearls,  but  the  matter  of 
them  is  always  difpofed  in  ftrata^  like  the  be¬ 
zoars.  Now  it  is  never  queflioned  but  that  tlie 
oriental  pearls  are  of  the  fame  nature  with  thofp 
which  grow  in  other  ffielhfiflies,  as  in  the  com¬ 
mon  oyflcrs,  and  in  the  different  forts  of  mufcles. 
All  the  difference  between  them  comes  only  from 
their  different  water,  but  is  every  where  the  fame 

matter. 
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rhatter,  and  the  fame  ftru(5lure,  as  may  plainly 
be  feen  in  the  different  pearls  found  in  the  pinna 
marina.  Pearls  therefore  muff  be  looked  upon 
as  true  bezoars^  as  to  their  nature,  tho’  they  are 
not  perfed'ly  fuchas  to  their  virtue. 

The  pearls  are  not  the  only  thing  that  is  obfer- 
vable  in  the  pinna  marind.  This  ffiell-fifh,  which 
is  a  fort  of  great  mufcle,  confifbs  of  2  large  pieces, 
rounded  at  top,  and  very  much  pointed  at  bottom, 
very  unequal  on  the  outfide,  brown  and  fmootll 
on  the  infide,  towards  the  point  inclining  to  the 
colour  of  mother  of  pearl.  They  are  of  different 
fizes  from  I  foot  to  2|  in  length,  being  in  the  broad- 
elf  part  about  j  of  their  length,  thele  fhells  are  fo 
thin,  that  they  are  tranfparent ;  what  is  moft  re¬ 
markable  in  them,  is  a  fort  of  tuft,  about  6  inches 
long,  more  or  lefs  according  to  the  fize  of  the  fhcll. 
This  tuft  is  fi mated  toward  the  point  oF  the ’fide 
oppofite  to  the  hinge ;  it  is  corhpofed  of  feveral 
filaments  of  a  very  fine  brown  filk,  thefe  littlfe 
threads  being  viewed  thro’  a  microfeope  appear 
hollow,  when  burnt  they  afford  an  urinous  fmell 
like  filk.  The  ancients  have  called  this  fubffance 
byjfus,,  either  on  account  of  its  refemblance  to  the 
by  [Jus,,  of  which  they  wove  precious  fluffs,  or 
perhaps  it  might  be  the  very  byjfus  itfelf,  which 
they  ufed  for  that  purpofe;  for  the  mod  able  cri- 
ticks  have  not  fufficiently  cleared  up  what  we  are 
t©  underftand  by  the  byjfus  of  the  ancients ;  they 
have  only  diftinguifhed  two  forts  of  it,  that  of 
Greece,,  which  was  found  only  in  the  province  of 
Elis,,  and  that  of  Judea^  which  was  the  fineft. 
The  feripture  "'informs  us,  that  this  was  ufed  in  the 
facerdotal  ornaments,  and  the  wicked  rich  man 
was  cioathed  with  it.  But  as  the  ancients  under 
the  nam.e  of  byjfus,,  have  confounded  cottons,  and 

*  In  our  tranflation  of  the  bible  hyjfus  is  rendered  fine  llnnen. 

H  h  2  all 
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all  other  fluffs  that  were  more  precious  than  wool¬ 
len,  it  is  not  eafy  to  fay  exadlly  what  their  byjfus 
was,  and  whether  it  was  obtained  only  from  the 
fhells  juft  mentioned  ;  this  is  certain,  that  AriftotUy 
who  calls  the  filk  of  thefe  fhells  byjfus^  fays  it 
may  be  wowen,  and  therefore  it  can  hardly  be 
queftioned  but  that  it  was  ufed  for  the  cloaths  of 
great  perfons,  in  the  ages  when  filk  was  but  little 
known,  and  rarely  feen  ;  in  fhort  this  byjfus^  tho* 
coarfely  fpun,  appears  much  finer  than  wool,  and 
approaches  pretty  near  to  filk  :  they  now  make 
flockings  of  it,  and  other  works,  which  would  be 
more  valuable,  if  filk  was  lefs  common  :  to  fpin 
this  fort  of  byjfus^  they  leave  it  in  a  cellar,  to  grow 
moifl  and  foft  \  and  then  they  comb  it,  to  feparatc 
<the  flocks  and  impurities  that  flick  to  it,  after 
which  they  fpin  it,  as  they  do  filk. 

The  fifhes,  which  afford  the  bsjfus^  make  ufe 
of  it  to  faften  their  fhells  to  the  neighbouring 
bodies,  for  as  they  are  planted  dire(Jlly  upon  the 
point  of  their  fhells,  they  have  need  of  thefe  fila¬ 
ments,  which  they  extend  all  around,  like  the  cor¬ 
dage  of  a  mall,  to  keep  themfelves  in  that  fi- 
tuation. 

It  is  probable  that  the  pinna  marina  forms 
thefe  forts  of  threads,  with  the  fame  mechanifm 
that  M.  de  ’Reaumur  has  obferved  in  the  fea- 
mufcle  j  but  ihofe  of  the  pinna  are  more  fine  and 
filky ;  and  according  to  Rondeletius^  they  are  as 
different  from  the  threads  of  the  mufclcs,  as  filk 
is  from  hemp,  which  may  be  feen  by  comparing 
them  together. 

There  are  fome  little  crabs  that  get  into  the 
fliellsof  xSxtpinna^  of  which  the  antients  have  re¬ 
lated  fuch  fingular  fadls,  that  it  may  not  be  amifs 
to  examine  them  here. 


They 
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They  thought  this  little  animal  grew  with  the 
fifh  of  the  pinna^  for  its  prefervation,  and  there¬ 
fore  called  \ttht  guardian  of  the  pinna ^  imagining 
that  the  filh  perifhed  as  foon  as  it  come  to  lofe  its 
guardian.  And  this  is  what  they  thought  made 
the  little  crab  fo  ufeful  to  its  hoft. 

As  the  pinna  is  without  eyes,  and  befides  is 
not  endued  with  a  very  exquifite  fenfation,  whilft 
its  (hells  are  open,  and  the  little  fiflies  enter,  the 
crab  gives  it  notice  by  a  flight  motion,  that  by 
contradling  its  (hells  at  once,  the  filhes  may  be 
taken,  and  then  the  pinna  and  the  crab  divide  the 
booty  between  them.  Thofe  who  did  not  believe 
that  the  crab  received  its  birth  in  the  (hells  of  the 
pinna^  raife  the  wifdom  of  this  little  animal 
ftill  higher,  which  in  order  to  lodge  itfelf  in  the 
fliells  of  fifhes,  takes  its  opportunity  when  they 
are  open,  and  has  the  cunning  to  put  in  a  little 
(lone  to  hinder  them  from  (hutting,  and  fo  eats 
up  the  (i(h.  But  all  thefe  circumftances  are  like  a 
^reat  many  others  related  by  the  ancient  natura- 
lifts,  without  much  foundation ;  and  this  is  what 
has  contributed  to  decry  their  works,  tho*  they 
otherwife  inform  us  of  feveral  things  that  arc  true 
and  curious.  What  thev  tells  us  here  of  the  little 
crabs  that  lodge  between  the  (hells  of  xh^pinna^  is 
eafily  difproved  ;  for  in  the  firft  place,  thefe  little 
animals  are  found  indifferently  in  all  bivalve  (hells, 
as  oyfters  and  mufcles,  as  well  as  in  thofe  of  the 
pinna^  where  we  alfo  iometimes  find  fome  little 
(hell-fifties,  which  get  in  or  faften  themfelves  up¬ 
on  them.  I  have  a  little  concha  venerea^  which 
was  found  (hut  up  and  alive  in  the  fhell  of  a  pin* 
na.  Befides  the  fi(h  of  thefe  (hells  does  not  live 
upon  flefh,  any  more  than  the  mufcles  and  oyfters, 
but  only  upon  water  and  mud.  Thus  the  cunning 
of  the  little  crab  is  of  no  ufe  to  it. 


Laftly, 


^3"^  HiS'foRVtfwWMfii^diAs  of  the 

Liffly,  the  little  crabs  do  not  eat  d\‘e  fifhes  of 
tfft  fhclls  where  they  lodge,  for  we  find  thefe  fifhes' 
fbtJnd  and  whole  with  the  little  crabs  that  accorn- 
pahy  them. 

It  is  only  chance  therefore  that  throws  thefe  lit¬ 
tle  animals  into  the  Ihells  whilft  they  are  open,  or 
they  retire  thither  for  fhelter,  as  they  arc  very 
OTteri  fouhd  in  the  holes'of  fponges  and  ftones*,  ancf 
m  (!he  exterior  cavities  of  the  fhells. 

.  As  I  haVe  referred  to  the  fecond  clafs  of  bezoarsf 
(3ie  ftohes  of  the  fame  nature  whidi  are  taken’ 
animals,  I  fhall  add  thofe  which  I  lately 
o’Bferved  iri  the  bags  of  the  beaver,  which  are  cal- 
c^or.  Among  fcveral  that  I  opened,  I  found 
Which  feemed  bigger  than  the  reft,  and  was 
filled’  with  ftones  of  different  fizes.  According  to 
diH  common  prejudice,  I  ftibuld  have  thought 
that  thefe  bags  had  been  falfified  and  filled  with 
ftone^  to  increafe  their  weight ;  but  upon  exam  in - 
fng  them,  I  perceived  that  all  thefe  ftones  a'd- 
Hefed,  and  were  pretty  regular  in  their  fhape.  I- 
^eftn'ted  fome  of  thefe  ftones  to  the  flame  of  d 
Candle,  and  they  burned  like  thofe  taken  from 
tf^e  gall-bladder,  and  had  a  fmell  of  caftor.  Thefe 
ftones  pretty  much  refemble  the  kernels  of  med- 
Idrs,  as  thofe  commonly  do  which  are  found 
iil^the  gall-bladder.  They  are  tender,  and  dif- 
j^pfeci  in  fir  at  which  are  feparated  by  mem¬ 

branes  dilperfed  through  the  fubftar.ee  of  the  bag, 
a!hd  forming  the  partitions  of  the  cells.  The 
Ipi^^eft  that  1  have  found  are  6  lines  long,  and  4 
broad,  and  3  in  thicknefs.  The  others,  which 
iffe  in  greater  number,  dimirifli  in  bignefs,  and 
the  Imallcft  are  but  about  the  fizc  of  pins  heads, 
ft  is  not  probable  that  thefe  ftones  have  been  add¬ 
ed  in  the  caftor,  confidering  the  manner  in  which 
I  have  already  obferved  them  to  be  conftru(fi:ed. 

The 
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,Tbe  jjaice  therefore  contained  in  thefe  ba^ 
have  thicjkened  and  curdled,  about  the  inenpraijqs, 
or  their  glands*,  and  fo  have  ferved  for  a  bafe  jp 
the  formation  of  thefe  fton,es.  It  is  obferved, 
ftones  are  formed  ip  all  the  cavities  of  animal ibo- 
dies,  and  even  in  the  glands  *,  and  thus  the  narne 
of  bezoar  becomes  fo  extenfive.  I  think  there- 
fore  we  rnay  range  thefe  ftones  in  the  number 
bezoars,  as  well  as  the  different  forts  of  pearls^ 
knee  they  refernble  the  bezoar  in  their  flruf^r^ 
and  vertue.  The  caftor  being  uftd  in  medicipe  ^ 
fortify  the  brain,  refift  poifon,  affuage  die  va¬ 
pours,  and  drive  them  out  by  perfpiration,  t^e 
ftones  which  are  found  to  contain  the  fame  prjn; 
ciples,  muft  have  the  fame  effects,  and  confq- 
quendy  the  fame  virtues  as  the  bezoardic  fubftances. 
As  I  treat  of  the  caftor  only  with  regard  to  the 
ftonqs,  which  I  have  obferved,  I  fhali  not  ftqp 
here  to  deferibe  the  animal,  nor  the  bags  whic|i 
contain  the  fubftance  called  caftor,  feeing  ^tli 
anatomy  of  it  has  been  already  made  by  the  aca¬ 
demy. 

I  fhall  only  propofe  my  opinion  on  the  choice 
of  this  fubftance.  I  agree  with  thofe  who  are  ac¬ 
quainted  with  it,  that  fome  of  it  may  be  falfified, 
but  I  believe  that  the  difference  in  its  fmell  and 
confiftence  comes  rather  from  the  climate,  the 
food,  and  the  age  of  the  beaver,  than  from  any 
counterfeiting.  ‘The  moft;  common,  and  leaft 
efteemed  caftor  is  that  from  Canada.  It  is 
looked  upon  as  counterfeited,  becaufe  it  has  ei¬ 
ther  no  fmell  at  all,  or  a  difagreeable  one.  1  have 
opened  feveral  that  were  foft,  and  of  very  littje 
fmell,  and  yet  without  any  appearance  of  fopbi- 
ftication,  for  the  cells  were  neither  fwoln  nor 
torn.  On  the  contrary  they  were  divided  by 

membranes 
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membranes  adhering  to  the  covering,  as  we  ob* 
ferve  in  thofe  which  are  not  fufpefted  to  be  fpu- 
rious.  The  caftor  of  Dantzick  is  efteemed  the 
beft,  and  yet  that  of  the  Levant  furpaffes  it,  • 
There  are  fome  beavers  alfo  found  in  France^ 
in  fome  parts  of  the  Rhone  5  they  dry  their  bags, 
and  this  fort  is  very  good.  I  have  fome  in  my 
colleftion,  dried  by  an  apothecary  of  Villeneuve- 
Ics- Avignon^  which  are  very  good  and  large  with¬ 
out  being  adulterated.  I  have  found  that  this 
caftor  was  not  at  all  inferior  to  that  of  Dantzick, 
That  of  the  Rhone  is  commonly  fold  for  that  of 
Dantzick^  there  being  no  other  difference  between 
them,  but  in  that  of  Dantzick  having  the  ftrongeft 
fmell.  I  am  perfuaded,  that  our  caftor  of  the 
Rhone,,  has  the  fame  quality  with  that  of  the  Levant 
and  of  Dantzick\  the  bags  are  dried  in  the  chimney 
where  the  liquor  may  ferment  as  it  dries,  which 
caufes  the  caftor  to  acquire  continually  a  ftron- 
ger  and  more  proper  fmell. 

VI,  A  V2  a  chine  to  di [engage  the  horfes  abfo^ 
lately^  and  at  once  from  a  coach  ^  when  tpey 
are  headflrong  and  run  away ;  by  M,  de  la 
Hire,  the  fon^. 

The  accidents,  which  happen  when  horfes  run  a- 
way,  are  fo  great,  that  I  thought  I  fhould  do  a  good 
piece  of  ferviceto  thepublick,  in  finding  out  fome 
cafy  way  of  hindering  thefe  accidents. 

Among  all  the  machines  I  have  thought  of  for  this 
purpofe,  I  have  found  none  more  fimple  than  that 
I  am  going  to  deferibe  •,  after  having  explained 
the  figure  which  reprefents  the  whole  fore-part  of 
a  coach,  called  the  fore-carriage^  in  order  to  fhew 

*  AW,  16,  1712 
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what  is  called  the  f-plinter-bar^  with  all  the  parts 
that  depend  upon  it,  the  place  where  it  isfadened, 
and  its  ufe. 

*Fig  13.  ABis  the  pole,  of  which  the  fartheft 
extremity  from  the  coach,  which  is  furniflieci  with 
a  hook  QR,  is  rt  prefen  ted  underneath. 

CD,  CD  the  two  futchells. 

EF  the  fplinter-bar  faftened  upon  the  two  fut¬ 
chells,  with  2  iron  fcrews. 

NN  are  the  cramps  of  the  fplinter-bar,  which 
go  into  it,  and  are  faftened  at  the  mouldings, 
they  hinder  the  2  leather  rings  GFI,  GH,  which 
pafs  within  as  in  the  2  cramps  PP  of  the  bars, 
from  getting  out  at  the  end  of  .the  fplinter-bar. 

LK,  LK  are  the  two  bars  fufpended,  as  we  fee, 
at  the  two  ends  of  the  fplinter-bar,  by  means  of 
the  two  leather  rings,  and  in  the  middle  of  the 
bars  are  the  cramps  PP,  which  hinder  them  from 
flipping  in  the  leather  rings. 

LM  are  the  traces  with  which  the  horfes  draw 
the  coach  ;  ^hey  are  fitted  at  each  end  of  the  bars 
in  fuch  a  manner,  as  to  embrace  them  the  more 
flrongly,  in  proportion  as  the  horfes  draw  with 
more  effort. 

S,  the  foot-board. 

Fig,  14.  reprefents  the  end  of  a  fplinter-bar 
more  large,  with  the  bar  which  is  faftened  to  it 
by  the  leather  ring,  to  fhew  all  the  fmall  parts 
of  it  better. 

I  believe  this  explanation  of  the  fore-carriage 
will  be  fufficient  to  underftand,  what  I  ftiall  fay 
in  the  fequel  of  this  memoir. 

The  machine  in  queftion  is  applied  at  each  ex¬ 
tremity  of  the  fplinter-bar,  which  is  furnifned  with 
2  mouldine^s,  two  or  three  inches  diftanc  from 
each  ocher,  and  raifed  about  i  an  inch  above  the 

♦  Plate  V. 

VoL  IV.  41.  li  body 
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body  of  the  fplinter-bar,  which  is  cylindrical,  bc- 
ween  thefc  two  mouldings. 

It  is  between  thefe  two  mouldings  that  the  lea¬ 
ther  ring  of  the  bar  is  placed  ;  it  is  made  of  feveral 
leather  thongs  fewed  together,  the  two  ends  of 
which  are  joined  by  a  buckle*,  in  this  manner  the 
leather  ring  is  drawn  into  length,  and  at  one  of  its 
extremities  embraces  the  end  of  the  fplinter-bar, 
and  the  other  at  the  middle  of  the  bar. 

15.  One  of  the  ends  of  the  fplinter-bar  is 
reprefented  by  the  letters  A  A  ;  of  the  two  mould¬ 
ings,  which  are  there,  that  which  is  mod  at  the 
extremity  of  the  fplinter-bar  has  been  fhaped  to 
o  angles,  that  the  end  of  the  fplinter-bar  may  be 
the  lefs  diminiflied,  becaufe  ol  the  fubjedtion  which 
I  am  going  to  mention  ;  there  are  4  of  them  large 
and  4  fmall,  to  give  a  greater  feat  to  the  fides  of 
the  ferril,  which  fhall  be  fitted  to  it  ;  the  figure 
that  has  been  given  to  this  moulding  mud  be  in- 
feribed  in  the  end  of  the  fplinter-bar,  which  bears 
the  leather  rings  of  the  bar,  that  it  may  enter  into 
the  iron  ring  O. 

This  moulding  being  thus  made  ocdangular,  has 
two  of  its  great  Tides  placed  vertically,  one  to¬ 
wards  the  coach,  and  the  other  towards  the  horfes; 
the  two  others  are  placed  horizontally,  one  above 
and  the  other  below;  it  is  furnifhed  with  a  fort  of 
iron  ferril  B,  which  is  alfo  octangular. 

From  the  face  of  this  ferril,  which  is  toward  the 
coach,  there  comes  out  perpendicularly  an  iron 
pin  D,  about  an  inch  and  |  long.  The  extremity 
of  this  pin  D  is  rounded  like  a  pivot,  that  it  may 
enter  into  a  round  hole  at  the  extremity  L,  of  the 
piece  of  iron  LK,  which  I  call  the  traverfe,  and 
be  rivetted  in  fuch  a  manner  into  it,  that  thistra- 
verle,  which  is  perpendicular  to  the  pin  D,  may 
.TiOve  circularly  in  it. 


The. 
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The  traverfe  LK  about  4  inches  long,  and  lo  ‘ 
lines  broad  in  tlie  place  where  it  is  moft  fo,  has 
toward  the  extremity  K  a  hole  M,  which  pierces 
thro’,  to  Jet  the  bit  of  iron  pafs  when  it  is  prelTcd 
upon  it. 

The  piece  of  iron  F,  which  is  an  inch  and  I 
high,  is  raifed  perpendicularly  upon  a  pin  E, 
which  being  parallel  to  that  which  is  mark’d  D, 
rifes  from  the  middle  of  one  of  the  vertical  fiices 
of  the  fortot  lerril  C,  namely  from  that  which  is 
toward  the  coach  ;  the  moulding  to  which  this  fer- 
ril  belongs,  has  been  made  quadrangular  *,  fo  that 
two  of  its  faces  are  vertical,  and  two  horizontal, 
and  the  ferril  C  is  circumfcribed  to  the  part  of  the 
fplinter-bar,  between  the  2  mouldings. 

Acrofs  the  two  upper  horizontal  faces  B  and  C 
of  the  two  ferrils,  as  well  as  of  the  oppofitc  faces, 
and  acrofs  the  fplinter-bar,  pafs  two  fkrews,  which 
have  their  heads  marked, 3  and  4,  and  enter  into 
the  lower  horizontal  faces,  which  are  oppofite  to 
B  and  C,  to  fix  the  two  ferrils  B  and  C  to  the  fplin- 
ter-bar  A  A. 

The  thong  PQRSTVXY  is  the  leather  ring 
of  the  bar,  it  embraces  at  one  of  its  ends  that  part 
of  the  fplinter-bar,  which  is  between  the  two  fer¬ 
rils  B  and  C,  becaufe  the  extremity  PQ^is  fewed 
to  the  under  part*,  it  is  flit  in  the  middle  ot  the 
fpace  between  the  two  ferrils,  to  receive  in  its 
thicknefs  the  iron  ring  O  ;  this  ring  embraces  the 
fplinter-bar  in  this  place,  and  has  a  pin  or  tongue 
8,  which  is  perpendicular  to  it,  and  enters  into  the 
hole  Z,  marked  toward  the  extremity  XY  of  the 
leather  ring  of  the  bar. 

When  the  tongue  8  is  entered  into  the  hole  Z 
of  the  leather  ring,  if  you  pafs  the  bar  into  the 
leather  ring  at  the  place  TV,  you  will  make  the 
ring  O  turn,  and  ciie  tongue  8  will  come  belore ; 

1  i  2  it 
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it  is  to  hinder  it  from  coming  before,  that  we 
fhall  lower  the  traverfe  LK  upon  the  pin  E,  and 
make  the  double  key  H  enter  into  the  hole  G, 
which  goes  thro’  the  piece  F;  but  as  the  dirt  might 
fall  between  the  plates  of  the  key  FI,  and  hinder 
it  from  being  drawn  back,  there  is  fallened  upon 
the  traverfe  LK  the  box  N,  the  entrance  of  whicH 
will  be  fhut  by  the  head  of  the  key  when  it  is  put 
in,  fo  that  nothing  can  get  into  the  box. 

We  fee  by  the  conftrudlion  of  the  machine, 
that  the  horfes  which  draw  the  bars,  make  a  con¬ 
tinual  effort  to  raife  with  the  tongue  8  the  traverfe 
LK,  which  cannot  get  loofe  from  the  piece  F, 
becaufe  of  the  key  H  which  pafies  through  it. 

The  other  bar  is  Lftened  in  like  manner,  at  the 
other  end  of  the  fplinter-bar. 

There  remains  nothing  now  but  to  (hew  how 
we  may  draw  all  at  once,  in  the  fame  inftant,  the 
key  H,  and  that  which  is  at  the  other  end  of  the 
fplinter-bar. 

To  do  this  we  take  a  leather  ftrap  or  thong  flit 
in  one  part  of  its  length,  one  of  the  ends  of  which 
pafles  over  one  pulley,  and  the  other  over  another; 
thefe  two  pulleys  are  placed  horizontally,  and  are 
in  a  double  block,  the  gudgeon  of  which  enters 
perpendicularly  into  the  middle  of  the  length  of 
the  fplinter-bar,  and  into  the  face  which  is  toward 
the  coach. 

The  two  ends  I  of  this  flrap,  after  having  paffed 
over  the  pulleys,  embrace  the  rings  6,  which  are 
behind  the  heads  of  the  keys,  and  there  thefe  two 
ends,  or  thefe  two  parts  of  the  flit  end  of  the  ftrap 
are  fewed  together  *,  the  other  end  of  the  flrap, 
which  has  not  been  flit,  paffes  under  the  foot-board 
and  thro’  the  axle-tree  of  the  little  v/heels,  and  is 
faftened  to  a  filk  cord,  which  enters  the  coach  at  a 

hole 
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hole  made  in  the  middle  of  the  fore-parr,  like 
that  thro’  which  the  firing  pafies,  to  give  the 
coachman  notice  when  to  (lop. 

It  is  eafy  to  fee,  that  if  the  perfon  in  the  coach 
pulls  the  (Iring,  whilft  the  coach  is  going  on,  he 
will  difengage  the  pins  H  from  the  holes  G,  that 
at  the  fame  time  the  tongues  P  will  raife  the  tra- 
verfes  LK  *,  that  the  end  of  the  leather  ring  XY  will 
come  off  from  the  tongue  cS,  and  confequently  that 
the  bars  will  be  no  longer  faffened  to  the  fplin- 
ter- bar  *,  and  as  the  bars  are  no  longer  faffened, 
the  coach  can  no  longer  be  drav/n  by  the  horfes, 
becaufe  they  are  only  flfflened  by  this  part;  ha¬ 
ving  fubffituted  a  fpring  inftead  of  the  little  ftrap, 
to  hold  the  great  leather  rings  engaged  in  the  iron 
hook,  placed  at  the  end  of  the  pole  ;  thefe  leather 
rings  lower  this  fpring,  when  the  horfes  continue 
to  go  on,  and  the  bars  are  no  longer  faffened  to 
the  fplinter-bar,  which  I  (hall  explain  more  at 
length,  when  I  fpeak  of  the  other  advantages  of 
this  fpring. 

The  convenience  of  this  machine  is,  that  it  may 
very  eafily  be  taken  off  from  one  coach  and  put 
upon  another ;  (or  you  need  only  undo  the  two 
fkrews  3  and  4,  and  to  unfew  and  few  again  the 
two  ffraps  v.'hich  hold  to  the  two  keys,  becaule  I 
fuppofe  that  care  will  be  talcen,  before  the  two 
mouldings  at  the  two  ends  of  the  fplinter-bar  are 
made  angular,  as  I  have  obferved,  to  fallen  a 
double  pulley  to  the  middle  of  the  fplinter-bar, 
and  to  make  a  hole  thro’  the  axle-tree  of  the  little 
wheels  of  all  the  coaches,  to  which  we  would  have 
the  machine  applied,  and  they  will  ferve  as  ufual, 
when  the  machine  is  not  on,  becaufe  we  may  pais 
into  the  holes  of  the  fplinter-bar,  where  the  two 
(Icrews  3  and  4  enter,  the  pins  of  a  cramp,  which 
ffjali  be  furrowed  at  the  end,  to  ikrew  nuts  upon 

them 
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them  to  hold  the  cramp  faft  to  the  fplinter-bar,' 
and  by  this  means  hinder  the  leather  rings  of  the 
bar,  from  flipping  off  the  end  of  the  fplinter-bar, 
as  is  done  to  all  coaches. 

It  is  not  enough  to  fliew  the  way  to  prevent  ac¬ 
cidents,  when  two  horfes  run  away,  but  we  muff 
alfo  prevent  them,  when  there  are  4,  with  a  pof- 
tillion  or  without  one,  and  when  there  are  6,  and 
when  the  poflillion  has  been  thrown  under  the  horfe 
that  he  rode  upon,  or  when  he  cannot  govern  the 
horfes. 

When  there  are  four  horfes  to  a  coach,  the  two 
before  are  faftened  either  with  traces,  to  the  wheel 
horfes,  or  to  two  bars  faftened  to  a  fplinter-bar  by 
two  leadier  rings,  like  thofe  next  the  coach  ; 
this  fplinter-bar,  to  which  the  two  fore-horfes  are 
faftened,  is  encompaffed  in  the  middle  part  by 
a  leather  ling,  in  which  their  paffes  another,  where 
the  end  of  the  pole  enters,  which  has  a  hole  to  re¬ 
ceive  an  iron  pin,  which  is  fiftened  to  the  end  of 
the  hook,  with  a  little  flip  of  leather,  and  againft 
this  pin  the  leather  ring  refts  into  which  the  pole 
enters  ;  in  tnis  mannner  the  fore-horfes  draw  the 
coach  by  the  end  of  the  po/e,  but  when  inftead 
of  four  horfes  they  put  6,  they  only  faften  the  two 
ftrft,  to  the  two  fecond  with  traces  ;  and  fo  the 
four  firft  are  faftened  to  the  coach  only  by  the  end 
of  the  pole. 

In  order  therefore  to  hinder  the  accidents  which 
might  happen,  if  four  or  fix  horfes  v/ere  to  run 
away,  we  muft  find  a  way  to  detach  all  at  once 
the  leather  ring,  which  is  faftened  to  the  end  of 
the  pole,  which  the  machine  I  am  going  to  de- 
feribe  will  do,  after  having  fa  id  that  the  wheel 
horfes  have  each  of  them  faftened  to  the  breaft  lea¬ 
ther  of  their  harnefs  a  great  long  leather  ring,  in 

'  which 
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which  another  leather  rini^  is  received,  in  which 
the  end  of  the  pole  enters  quite  to  the  bot¬ 
tom  of  the  hook. 

Fi^.  16,  the  end  of  the  pole  is  reprefented 
by  AB,  and  CDE  reprefents  the  hook  which 
is  applied  to  it,  and  differs  from  the  common 
ones  only  in  that  the  end  E  is  flatted,  having 
a  flic  KF  in  its  thicknefs,  and  pierced-  quite 
thro’  with  a  fquare  hole  G. 

In  th  s  flic  KF  between  the  extremity  FK 
of  a  piece  of  iron  FKL,  which  turns  upon  a 
hinge  in  the  piece  of  iron  MNO,  this  piece 
enters  perpendicularly  into  the  pole  almoil  to 
the  middle,  becaufe  the  plate  of  the  hook,  and 
the  pole  are  perforated  with  a  hole  QR  rounded 
at  the  two  ends,  of  which  the  breadth  is  equal  to 
•the  diameter  of  the  pin  MNO  at  the  botfom,  and 
the  length  to  the  quantity  'with  which  the  pin 
MNO  enters  the  pole  *,  it  is  againft  this  pin 
that  the  ring  refls,  which  holds  the  fplinter^bar  to 
which  the  fore-horfes  are  faftened. 

Therefore  to  detach  the  fore-horfes  from  the 
end  of  the  pole,  we  need  only  faften  the  piece  of 
iron  I.KF  to  the  end  of  the  hook  E,  fo  that  it 
may  eafily  undo:  this  may  be  done  by  means  of 
a  fpring  ST,  of  which  the. end  S  is  held  faft  to 
the  plate  of  the  hook  by  the  fquare  rivet  V,  and 
the  other  end  T,  which  is  of  the  breadth  of  the 
end  of  the  hook  E  is  perforated  by  a  long 
flit,  in  which  there  paffes  a  ring  H,  which 
holds  to  the  extremity  of  a  fquare  iron  pin,  which 
paffes  thro’  the  2  thickneffes  of  the  end  of  the 
Jiook,  and  of  the  part  FK  of  the  piece  FKL,  and 
Alls  the  fquare  hole  G. 

The  iron  pin  HG  is  inftead  of  the  flip  of  lea¬ 
ther  which  holds  to  the  end  of  the  hook  the  iron 
pin  which  paffes  into  the  end  of  the  pole.  An¬ 
other 
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other  ring  I  is  engaged  in  the  ring  H,  or  a  Jittle 
flip  is  tied  in  a  knot  to  it,  that  when  the  fpring  ST 
is  lowered,  it  may  make  the  pin  HG  come  out 
of  its  hole. 

-  I  have  fiid  there  were  two  leather  rings  in 
which  the  end  of  the  pole  went  quite  to  the  bot¬ 
tom  of  the  hook,  that  is,  they  occupy  the  place 
SP  *,  but  as  the  end  of  the  pole  cannot  be  made  to 
go  into  thefe  rings  without  lowering  the  fpring  ; 
fo.  they  cannot  get  out  without  lowering  it, 
and  alfo  difengaging  at  the  fmie  time  the  pin 
HG,  which  no  longer  retaining  the  piece  FKLO 
in  the  end  of  the  hook,  it  will  be  carried  away  by 
the  leather  ring  which  rcfls  againft  it,  and  the 
fore-horfes  will  go  away  with  the  fplinter-bar. 

We  fee  by  this  conitrueftion,  that  if  by  the  firfl; 
machine  we  detach  the  2  horfes  from  the  pole, 
they  cannot  go  forward  without  lowering  the 
fpring  ST,  and  at  the  fame  time  detaching  the 
fplinter-bar  from  the  end  of  the  pole,  and  confe- 
quently  the  horfes  which  are  faftened  to  it. 

VII.  A  comparifon  of  the  obfervation^  of  the 
eclipfe  of  the  7770072^  Jan.  23,  1712,  i?2  the 
77iade  at  Nuremberg,  by  M,  J.  P. 
Wurfelbaur,  a77d  Paris,  at  the  royal  ob- 
fervatory  by  Mef  de  la  Hire*. 

We  are  not  to  expefl  fo  great  an  exadlnefs 
from  the  comparifon  of  thefe  obfervations,  as 
from  thofe  of  the  eclipfes  of  the  fatellites  oi  Ju-  ' 
piter.  And  yet  we  ought  not  to  negledt  them, 
fince  we  may  obtain  from  them  confiderable  ad¬ 
vantages  to  geography,  when  we  have  not  an  op¬ 
portunity  of  oblerving  thofe  of  the  fatellites ;  and 
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cfpecially  with  regard  to  places  that  are  very  di- 
ftant  from  each  other ;  and  if  ufe  had  been  for¬ 
merly  made  of  thofe  which  were  obferved,  there 
would  not  have  been  fuch  defedlive  maps  made 
as  thofe  which  were  publiflied  before  the  academy 
began  to  make  ufe  of  the  fatcllites  of  Jupiter  for 
the  determination  of  the  longitudes. 

We  have  drawn  the  following  table  from  the 
obfervations  of  M.  Wurfelbaur, 


AtNunmberg, 

Phafes. 

,  At  Paris, 

Difference. 

h  t  a 

0  / 

h  /  // 

* 

7  28  40 

I  0 

6  50  50 

37  50 

7  32  19 

-I  30 

6  58  5,0 

33  ^9 

7  50  40 

3  0 

7  25  20 

35  20 

8  53  35 

2  20 

8  17  35 

-  36  0 

■  ^  5^  55 

2  0 

8  iS  19 

38  3.6 

9251 

1  30 

8  30  20 

32  3» 

9  18  10 

End  ‘ 

8  44  0 

34  20 

Pajfage  of  the  jh adorn  thro*  the  /pots. 


n 


7  31  35 

Heraclides 

6  59_  8 

32  27 

7  38  10 

Plato 

7  4  50 

33  20 

8  49  10 

Helicon 

8  16  10 

33  0 

8  53  35' 

Harpalus 

8  16  10 

37  25 

.  8  58  55 

Plato 

8  24  15 

34  40 

u 


n 


The  magnitude  of  the  eclipfe 

At  Nuremberg  At  Paris  ‘  ^ 

3  digits,  42'.  3  digits,  40'.  ^ 


Taking  a  mean  between  thefe  obfervations,  we 
fhali  have  for  the  difference  of  the  meridians'be- 
tweeen  Nuremberg  and  Paris  34'  I,  which  is 
pretty  nearly  as  I  determined  it  in  my  tables. 
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Hire. 
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mur. 
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VII,  A  dejcription  of  a  portable  machine^  proper 
to  fupport  the  glajfes  of  very  great  foci,  pre- 

ffentedto  the  academy  by  Af.  Bianchini,  by  M, 
de  Reaumur. 

VIII.  A  hiftor'j  of  an  extraordinary  Jleeping^  by 
A/.  I  m  here. 
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Philosophical  Discoveries  and  Ob- 
SERvA-TioNS  in  the  History  of  the 
Royal  Academy  of  Sciences  at 
Paris ^  for  the  year  1713. 

I.  Experiments  on  fea-coal. 

MDeJlandes  being  in  England^  made  with 
^  the  fea-coal  that  is  burned  there,  two  ex¬ 
periments  which  he  believes  have  efcaped  the 
Englifh. 

Exp,  I.  Having  beaten  fome  coal,  he  put 
about  half  an  ounce  of  it  into  a  glafs  of  water, 
which  became  quite  black.  He  left  the  glafs  ex- 
pofed  to  the  air  all  night  upon  the  window,  it  was 
in  winter,  and  the  next  day  he  found  that  the 
water  which  was  frozen,  was  of  a  reddilh  colour. 
To  give  this  colour  to  the  water,  the  froft  muft 
have  difengaged  the  fuJphurs  of  the  coal,  though 
this  adion  does  not  feem  very  well  to  agree 
with  it. 

Exp,  2.  Some  of  the  aflies  of  this  coal  infufed  in 
brandy,  and  mixed  with  fteel  filings,  makes  a 
black  tin6lure,  which  clears  as  it  heats.  When 
it  begins  to  boil,  it  takes  a  fofter  colour  than  the 
common  iron-grey.  M.  Dejlandes  dyed  fome  wool 
with  this  agreeable  tindure,  and  no  artift  could 
'  imitate  it. 


II. 
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II.  The  hijlory  of  the  carcajou,  an  Ame¬ 
rican  animal, 

M.  Sarrafn,  the  king’s  phyfician  at  Canada^  and 
a  correfpondent  of  the  academy,  from  whom  we 
have  feen  a  very  curious  and  exad:  hiftory  of  the 
cajior  or  beaver  in  the  memoirs  of  1704*,  has 
alfo  fent  fuch  another  of  the  carcajou^  of  which 
we  here  give  an  abridgment. 

The  carcajou  is  a  carnivorous  animal,  which 
inhabits  the  coldell  parts  of  North-America.  It 
commonly  weighs  from  25  to  351b.  It  is  about 
2  feet  from  the  end  of  the  fnout  to  the  tail  which 
is  about  8  inches  long.  Its  head  is  very  lliorr, 
and  thick,  in  proportion  to  the  reft  of  its  body, 
the  eyes  very  fmall,  the  jaws  very  ftrong,  and 
furnilhed  with  32  fharp  teeth  ;  notwithftanding 
it  is  fmall,  it  is  very  ftrong  and  furious, 
and  tho’  carnivorous,  it  is  fo  flow,  and  fo  heavy, 
that  it  crawls  upon  the  fnow  rather  than  walks 
upon  it. 

As  it  walks,  it  can  catch  no  other  animal  than 
the  beaver  which  is  as  flow  as  its  felf,  and  that 
muft  be  in  fummer  when  the  beaver  is  out  of  its 
catbin.  But  in  the  winter  it  can  only  break  and 
deftroy  the  cabbin,  and  furprize  the  beaver, 
which  but  very  feldom  fucceeds,  becaufe  the  bea* 
ver  has  its  fure  retreat  under  the  ice.  However, 
as  the  beaver,  even  in  winter  goes  into  the  woods 
to  feek  for  frefli  provifionSj  which  he  likes  bet¬ 
ter  than  ftale,  the  carcajou  may  attack  him 
there. 

The  chafe  which  is  mod  fuccefsful  to  him  is 
that  of  the  elk,  and  Caribou^  or  Canada  flag. 
The  elk  chufes  in  winter  a  place  where  there  grows 
^  quantity  of  Anagyris  fcetida^  or  ftinking  bean 

*  Vol.  II.  pag.  181.  of  this  abridgment, 
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^refoil,  becaufe  it  feeds  upon  it,  and  when  the 
ground  is  covered  5  or  6  feet  with  fnow,  he 
makes  roads  in  thefe  places  which  he  never  cjluits, 
unlefs  he  is  purfued  by  the  hunters.  The  carcajou 
having  obferved  the  elk’s  road,  climbs  up  into  a 
tree  near  which  he  muft  pafs,  and  from  thence 
leaps  upon  him,  and  cuts  his  throat  in  a  moment. 
In  vain  does  the  elk  lie  upon  the  ground,  or  rub 
himfelf  againft  the  trees,  for  nothing  will  make 
the  carcajou  let  go  his  hold,  and  the  hunters  have 
fometimes  found  pieces  of  his  fkin  as  large  as  one’s 
hand,  which  have  ftuck  to  the  tree  againft  which 
the  elk  had  rubbed  himfelf. 

The  caribou  is  a  fort  of  ftag.  It  is  very  light, 
and  runs  upon  the  fnow  almoft  as  faft  as  upon  the 
ground,  becaufe  his  nails  which  are  very  broad, 
and  furnifhed  with  rough  hairs  in  their  intervals, 
hinder  him  from  finking,  and  ferve  him  inftead  of 
the  raciuette  f  of  the  favages.  When  it  inhabits 
the  thick  woods,  it  makes  roads  in  winter  like  the 
elk,  and  is  in  the  fame  manner  attacked  there  by 
the  carcajou.  But  when  it  is  in  open  places, 
where  it  has  not  need  of  making  roads,  and 
where  it  goes  indifferently  on  all  Tides,  the  carca¬ 
jou  which  might  wait  too  long  without  fuccefs,  is 
not  accuftomed  to  loofe  his  time,  and  does  not 
chafe  iht  caribou  but  in  thick  places  5  To  ingenious 
is  his  ardor  for  his  prey. 

III.  An  obfervation  on  the  areometer. 

As  F.  Fetiillee  a  minim,  correfpondenc  of  the 
academy,  read  to  it  the  relation  of  a  voyage 
which  he  had  juft  made  into  South- America^  and 

-f-  A  fort  of  broad  fhoes  which  the  favages  wear  to  keep 
their  feet  from  finking  into  the  fnow. 

as 
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as  he  fpoke  of  the  obfervations  which  he  had 
.made  with  the  areometer  with  the  weight  of  the 
fea-water  in  different  places,  it  was  objected  to 
him,  that  in  a  warmer  climate  the  glafs  of  the 
areometer  muft  dilate,  and  confequently  occupies 
,  more  fpace  in  the  water  that  is  weighed,  and 
makes  it  appear  lefs  heavy  than  it  really  is.  But 
M.  Cajfini  anfwered,  that  the  water  itfelf  was  alfo 
more  dilated  by  the  heat,  and  actually  weighed 
lefs. 
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Philosophical  Memoirs  of  the  Roval 
Academy  of  Sciences  at  Paiis,  for 
.  the  Year  J713. 


I.  Meteorological  obfervatio7is  made  at  the 
royal  obfervatory^  by  M,  de  la  Ilire^. 


These  are  the  obfervations  of  the  quan¬ 
tity  of  rain-water,  and  melted-fnow,  with 
the  changes  of  the  weather  marked  by  the  ther¬ 
mometer  and  barometer  during  all  the  laft  year 
1712.  All  thefe  obfervations  have  been  made  as 
in  the  preceding  years,  in  the  fame  place,  and 
with  the  fame  inftrumenc.  The  height  of  water 
fallen  in. 


- 

Lin. 

Lin. 

Jan. 

20  1 

July 

36 

I 

X 

Feb. 

8  i  i 

Aug. 

6 

March 

6  ? 

Sept. 

39 

J_ 

4 

t 

8 

April 

51  8 

oa. 

25 

1 

2 

4 

May 

12  i-  i 

Novem. 

16 

± 

4 

June 

23  s 

Dec. 

8 

1 

2 
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The  fum  of  the  height  of  water  for  the  whole 
year,  254  lines  or  21  inches,  2  lines  which 
is  more  than  the  mean  years,  which  we  have  de¬ 
termined  at  19  inches. 

My  thermometer  was  at  the  loweft  the  laft 
day  of  the  year,  and  marked  24  ^  ot  its  parts 
pretty  near  the  fame  as  the  8th  of  Jan.  which 
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fhews,  that  the  cold  has  not  been  great,  for  it 
often  falls  to  14,  and  in  the  mean  ftate  it  is  at  48, 
as  in  the  bottom  of  the  caves  of  the  obfervatory, 
where  it  always  remains  at  the  fame  point. 

This  thermometer  was  at.  the  higheft  at  64 
parts  the  1 6th  of  Auguft  •,  but  as  that  was  at  fun- 
rifing,  the  time  when  I  always  make  thefe  obfer- 
vations,  and  as  in  the  greatcft  heat  of  the  day, 
which  is  towards  2  in  the  afternoon,'  it  rofe  above 
the  ftate  it  was  at  in  the  morning  12  parts,  it 
muft  be  confidered  as  76  for  the  greateft  heat, 
'and  confequently  the  difl^erence  marked  between 
the  greateft  cold,  and  the  greateft  heat  will  be 
52  parts,  the  half  of  which  is  26,  which  being 
added  to  24,  'makes  50,  which  is  not  far  from 
48  ;  by  which  we  know,  that  the  cold  has  been 
very  near  as  much  below  the  mean  ftate,  as  the 
heat  has  been  above  it. 

My  common  barometer  was  at  the  higheft  at 
28  inches,  4  lines,  f,  the  lOthofFe?^.  and  about 
that  time  it  was  always  very  high.  The  heavens 
were  then  pretty  ferene,  and  very  little  north 
winds ;  and  I  obferved  alfo,  that  whenever  this 
barometer  was  higher  than  28  inches,  which  hap¬ 
pened  pretty  often  in  the  year,  the  wind  was  to¬ 
wards  the  north  and  ealt,  and  fometimes  with  fogs.  I 
have  another  barometer  where  the  quickfilver  is 
always  3  lines  higher  than  in  that  with  which  I 
commonly  obferve.  This  common  barometer 
was  at  the  loweft  once  only,  the  6th  of  Nov.  at 
26  inches,  10  lines,  f,  the  fky  being  ferene  with 
a  moderate  eaft-wind  ;  but  the  quickfilver  pre- 
fently  rofe  again,  and  the  wind  turned  toward  the 
weft  and  fouth-weft;  the  diflerence  between  the 
greateft  and  leaft  height  of  this  barometer,  was  i 
inch,  6  lines,  as  ufual. 
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There  was  nothing  remarkable  in  the  winds  of 
this  year ;  but  I  obferved  in  general,  that  in  this 
country,  every  time  the  weft  and  fouth-weft  wind 
prevailed  for  fome  time,  the  heavens  were  cloudy 
toward  the  evening,  and  at  the  beginning  of  the 
night ;  and  that  toward  the  morning  it  was  fe- 
rene.  I  think  the  reafon  of  it  is  plain  enough  \ 
for  in  the  afternoon,  the  fun  falling  almoft  perpen¬ 
dicularly  upon  the  feas,  which  are  to  the  weft  of 
us,  raifes  a  great  many  vapours  from  them,  which 
are  afterwards  brought  to  us  about  the  beginning 
of  the  night ;  on  the  contrary,  there  arife  but  few 
vapours  from  thefe  feas  in  the  night  time,  and  the 
wind  continuing  the  fame,  the  Iky  muft  be  pretty 
clear  toward  the  morning. 

Remarks, 

It  generally  happens  that  thofe  which  have  been 
wounded  in  any  part  of  the  body  feel  pains  there 
every  time  the  weather  is  difpofed  to  change.  I 
think  it  may  be  accounted  for  in  this  manner: 
the  texture  of  the  afFecfted  part  muft  be  very  fine, 
infomuch  that  it  cannot  be  touched  without  feeling 
of  pain  ;  and  in  the  change  of  the  weather,  the 
air  becoming  either  lighter  or  heavier,  makes  an 
extraordinary  impreflion  upon  thefe  parts,  either 
by  comprefling  or  extending  them,  as  if  they 
were  touched  by  it,  which  may  caufe  the  pain 
which  is  there  felto 

Of  the  declination  of  the  needle. 

We  found  the  declination  of  the  needle  to  be 
II  degrees,  15  minutes,  Dec.  3o.This  obfervation 
was  made  with  the  needle  of  8  inches  long,  which 
we  commonly  ufe,  and  in  the  fame  place  as  in 
the  preceding  years,  which  is  a  thick  pillar  placed 
at  the  end  of  the  terrafs  of  the  obfervatory  toward 
-  the 
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the  fouth.  The  fide  of  the  box  of  the  compafs  is 
applied  againfl:  one  of  the  faces  of  this  pillar ;  and 
it  has  been  for  a  long  time  confirmed,  that  this 
face  was  exadlly  turned  toward  the  weft,  by 
putting  a  thick  rule  againft  it  which  bears  two 
fights  at  its  extremities,  to  fee  if  the  rays  of  the 
fun,  which  pafs  through  thefe  fights,  agree 
with  the  true  noon  marked  by  the  great  pen¬ 
dulum  clocks  regulated  by  the  fun,  which  was 
found  very  juft  ;  for  this  building  had  been 
placed  with  a  great  deal  of  care  and  precaution, 
by  the  late  M.  Picard. 

We  obferved  alfo  at  the  fame  time,  the 
declination  of  the  loadftone  with  another  needle 
of  only  4  inches  long,  and  found  it  the  fame 
with  that  of  8  inches. 

II.  RejleBions  on  fome  obfervations  of  the  flux 
and  reflux  of  the  fea^  made  at  the  port  of 
Breft,  in  the  year  1712  ;  by  M,  Caffini*. 

Since  the  royal  academy  of  fciences  has  under¬ 
taken  to  examine  the  phsenomena  of  the  flux  and 
reflux  of  the  fea,  we  have  received  a  great  number 
of  obfervations  made  in  feveral  parts  of  France.^ 
which  have  ferved  to  find  new  rules,  as  well 
to  eftablifh  the  time  of  the  tides  in  each  of  thefe 
ports,  as  to  determine  their  different  heights :  the 
greateft  part  of  thefe  obfervations  feem  to  prove 
that  there  is  a  great  relation  between  the  mo¬ 
tions  of  the  moon,  and  thofe  of  the  tides,  fince 
not  only  the  great  and  fmall  tides  follow  pretty 
exactly  the  feveral  phafes  of  the  moon,  but  even 
the  different  heights  which  are  there  obferved  are 

*  Feb.  \.  17x3. 
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proportion  to  the  feveral  diftances  of  the  moon 
from  the  earth. 

But  as  we  might  fufped]:  that  thefe  various  effefts 
had  been  produced  by  lome  unknown  caufe,  which 
had  concurred  at  the  fame  time  with  the  motions 
of  the  moon  by  a  fort  of  chance  ;  twas  neceffary  to 
beafluredofit  by  a  greater  number  of  obfervations, 
•  We  have  had  the  opportunity  of  making  them 
by  a  new  journal  of  obfervations  of  the  flux 
and  reflux  of  the  fea  made  at  Breji^  which  begins 
the  iff  di  February  1712,  where  the  firfl;  ended, 
and  has  been  continued  to  the  i2thof7w/jy  of  the 
fame  year. 

In  this  interval  of  time  there  have  been  fix  .  t 
and  five  full  moons,  the  tides  of  which  dv'  » 
obferved;  that  which  happened  the  ear 
obfervedthe  6th  of  February  at  3  9'  in  the  • 
ing  ;  and  that  which  happened  the  Luefl  was  ob*- 
ferved  April  the  6th  at  4'  r  2"  \  PM.  with  an 
hour,  and  three  minutes  difference  from  one  to 
the  other. 

However  if  we  fuppofe  the  mean  time  of  the 
high  tide  at  Brejl  in  the  new  and  full  moons  to  be 
3’'  45'.  the  fame  that  was  determined  in  the  pre¬ 
ceding  memoir,  and  make  ufe  of  the  com¬ 
mon  equation  of  two  minutes,  for  each  hour,  that 
the  mean  time  of  the  high  water  is  fiifter  or 
flower,  with  regard  to  that  of  the  new  or  full 
moon,  we  fliall  find  that  the  high  tide  ought  to 
have  happened  February  6th,  the  day  of  the  great- 
eft  acceleration  at  3''  y'l  in  the  morning,  within 
about  I  \  minute  of  what  was  obferved  *,  and  that 
April  the  6th,  the  day  of  the  greateft  retardation, 
the  high  tide  oughttohave  happened  at4'’  15'with- 
in  about  2  \  minutes  of  what  was  obferved. 

The  other  obfervations  which  are  to  the  num- 
‘  ber  of  1 5,  agree  for  the  moft  part  to  the  calcu¬ 
lation 
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lation  within  a  few  minutes,  and  the  fartheft  dif- 
tant  are  only  14  minutes  from  it,  which  is  an  ex- 
a(5lners  to  which  we  could  not  hope  to  have  arrived 
if  we  confider  that  it  is  often  difficult  to  be  af- 
fured  within  a  quarter,  or  even  almoft  half  an  hour 
of  the  high-water. 

With  regard  to  the  time  of  low- water,  obferved 
in  the  fame  phafes  of  the  moon,  we  find  that  it 
agrees  alfo  pretty  exadtly  to  the  calculation,  with 
this  difference  only,  that  the  fea  takes  up  fomc 
minutes  more  in  falling  than  in  rifing,  as  we  have 
already  obferved.  .This  difference  may  rife  at 
‘  Breft  to  about  a  quarter  of  an  hour  in  the  new  and 
full  mooris,  and  to  half  an  hour  in  the  quadratures; 
and  this  rule  is  fo  generally  obferved,  that  of 
all  the  obfervations  that  we  have  examined  for  a- 
bove  the  fpace  of  a  year,  there  are  only  four  or 
five  which  are  not  conformable  to  it.  * 

As  to  the  time  of  the  high-water  obferved  in  the 
quadratures,  it  is  fubjedl  to  more  irregularites  than 
in  the  new  and  full  moons. 

The  high-water  which  happened  the  carlieft, 
was  obferved  the  29th  of  March  at  8'^  8^  in  the 
morning,  and  that  which  happened  the  lateft  was 
obferved  the  28th  of  April  at  10^  n'  at  night, 
with  a  difference  from  one  to  the  other  of  2*' 
3'.  But  thefe  differences  arc  partly  corredfed,  by 
fuppofing  the  mean  time  of  the  high  water  at 
Breji  in  the  quadratures  at  8-'  57',  the  fame  that 
was  determined  in  the  preceding  memoir,  and 
making  ufe  of  the  common  equation  of  2  |  mi¬ 
nutes  for  each  hour,  that  the  mean  time  of  the 
high  water  is  falter  or  flower  v;ich  regard  to  the 
time  of  the  quadratures.  For  we  fhalffind  that 
the  high  tide  ought  to  have  happened  the  29th  of 
Marche  the  day  of  the  greateft  acceleration  at  8-' 
34' in  the  morning,  within  about  26  minutes  of 

what 
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what  was  obferved,  and  that  the  28th  Aprils 
the  day  of  the  gfeateft  retardation,  the  high  tide 
ought  to  have  happened  at  9^  46'  at  night,  within 
about  25  minutes  of  the  obfervation. 

We  have  obferved  in  the  preceding  memoirs, 
that  the  retardation  of  the  tides  is  greater  toward 
the  quadratures,  than  toward  the  new  and  full 
moons.  This  is  conformable  to  our  obfervations, 
and  feems  furprifing  when  we  confider,  that  in 
the  new  and  full  moons,  the  Tea  rifes  fometimes  at 
Breft^  to  the  height  of  2 1  feet,  whereas  in  the  qua¬ 
dratures  it  fometimes  rifes  only  4  or  five  feet,  and 
feldom  to  1 1  feet. 

However  if  we  fuppofe  that  the  motion  of  the 
tides  is  made  by  a  fort  of  impulfe,  as  we  have 
great  reafon  to  imagine;  we  find  that  experience 
may  agree  with  reafon  *,  for  the  prefiure  of  the  air 
upon  the  fea,  may  be  fuch  as  not  only  to  make  the 
fea  rife  to  a  greater  degree  of  height  in  the  new  and 
full  moons  than  in  the  quadratures,  but  alfo  to  make 
it  arriveto  this  greater  height  with  more  velocity. 

With  regard  to  the  time  of  the  greateft  tides  in 
each  lunation,  we  find  that  it  happens  the  moft  of¬ 
ten  at  Breji  a  day  after  the  new  or  full  moon,  as 
the  fmallefl  tides  happen  alfo  a  day  after  the  qua¬ 
dratures.  We  have  obferved  at  Dunkirk  and  Havre 
de  Grace^  that  the  great  and  fmall  tides  there,  ge¬ 
nerally  happen  two  days  after  thefe  phafes  of  the 
moon,  fo  that  it  feems  that  the  preffure  which  is 
made  upon  rhe  fea  in  the  new  and  full  moons,  and 
in  the  quadratures  is  communicated  fooner  at  Breft 
than  at  Havre  de  Grace  and  Dunkirk^  which  ap¬ 
pears  conformable  to  reafon  ;  the  weftern  extre¬ 
mity  of  Bretagne^  where  Brejt  is  fituated,  being 
much  more  advanced  toward  the  ocean  where  the 
preffure  is  made,  than  the  ports  of  Dunkirk  and 
Havre,  which  are  both  in  the  tngHJh  channel. 

2  We 
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We  have  remarked  already  that  the  various 
heights  which  we  obferve  in  the  tides,  follow 
pretty  exadlly  the  various  diftanccs  of  the  moon 
from  the  earth  ;  that  when  the  moon  at  the  time 
of  new  or  lull,  is  near  its  perigeiim^  the  tide  is 
greater  than  in  the  next  fyzygia^  where  it  is  near 
its  apogeum^  this  is  confirmed  by  thefe  laft  obfer- 
vations  *,  for  the  4th  of  June  1712,  the  day  of  the 
new  moon,  this  planet  was  near  its  apogeum^  its 
diftance  from  the  earth  being  1064  parts,  the  mean 
of  which  is  1000.  Befides  they  obferved  that  day, 
which  was  the  day  of  the  greateft  tide,  the  height 
of  the  full  fea  to  be  16  feet  2  inches,  above  a  fixed 
point,  which  they  had  taken  for  the  bound  of  the 
meafures,  and  that  of  low- water  2  feet  o  inches, 
which  gives  the  quantity  of  the  elevation  of  the 
tide  14  feet  2  inches.  The  19th  of  the  day 
after  the  full  moon,  this  planet  was  near  its  pei’i- 
geum^  its  diftance  from  the  earth  being  935  parts, 
the  mean  of  which  is  1000.  They  alfo  obferved 
the  2  ift  of  Jiine^  the  day  of  the  greateft  tide,  the 
height  of  the  full  fea  to  be  18  feet  4  inches,  above 
the  fixed  point;  and  the  height  of  the  low-water  10 
inches  below  this  point,  which  gives  the  eleva¬ 
tion  of  the  tide  19  feet,  2  inches,  greater  by  ,5 
feet,  than  in  the  preceding  obfervation,  when  the 
moon  was  near  its  apogetm, 

Tho’  all  thefe  obfervations  agree  in  proving 
that  the  various  diftances  of  the  moon  from  the 
earth  contribute  very  much  to  the  various  eleva¬ 
tions  that  are  obferved  in  the  tides ;  we  do  not 
pretend  that  they  are  the  foie  caufe  of  all  the  va¬ 
riations  that  are  there  obferved  ;  and  it  even  ap¬ 
pears,  that  there  are  other  caufes  which  may 
concur  in  making  the  height  of  the  tides  increalc 
or  diminifh.  We  do  not  here  fpeak  of  thofe  ac- 
ciLfcntal  caufes,  which  it  would  be  difficult  to  , 

give 
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give  rules  to ;  as  for  example,  of  the  force  and 
fituation  of  the  winds,  of  the  different  direftion 
of  the  fea-coaft,  which  not  only  may  accelerate 
or  retard  the  time  of  the  tides,  but  may  alfo 
caufc  different  elevations  to  it.  But  we  only  un¬ 
dertake  to  determine  thofe  which  have  fome  regu¬ 
lar  period. 

Now  in  examining  all  the  obfervations  which 
have  been  made  from  the  6th  of  ¥eb,  1712,  to 
the  i2thofy^^i^  of  the  fame  year,  we  find  that 
the  higheft  tide  happened  the  24th  of  March  at 
night,  and  the  25th  in  the  morning  when  the  fea 
rofe  to  the  height  of  19  feet,  i  inch.  The  low- 
water  was  obferved.the  24th  in  the  morning,  i 
foot,  6  inches,  below  the  fixed-point,  fo  that  the 
elevation  of  the  fea  was,  the  24th  of  March^  20 
feet,  7,  inches.  The  moon  was  then  nearer  its 
perigeum  than  its  apogeum^  its  diftance  from  the 
earth  being  977  parts,  the  mean  of  which  is  1000; 
but  we  cannot  attribute  the  whole  of  this  eleva¬ 
tion  of  the  tfde  to  the  proximity  of  tiie  moon  with 
regard  to  the  earth,  fince  the  height  of  the  tide 
was  obferved  the  24th  of  Marche  greater  by  i 
foot,  5  inches,  than  June  21,  the  time  when  the 
moon  was  much  neareft  its  perigeum\  it  appears 
therefore  that  there  was  in  the  month  of  Marchy 
fome  other  caufe  which  contributed  to  the  eleva¬ 
tion  of  the  tide  *,  and  as  this  obfervation  was  made 
near  the  vernal  equinox,  which  happened  the 
20th,  'at  1 19^  P  M.  and  that  of  June  2 1,  near 
the  fummer  folftice  which  happened  at  1 1‘‘  17'  in 
the  morning  :  this  has  given  us  room  to  conjecture 
that  all  things  being  equal,  the  tides  are  greater  in 
the  equinoxes  than  in  the  folflices. 

In  the  next  new  moon  which  happened  on  the 
6th  of  Aprily  the  moon  was  nearer  its  apogeum 

than 
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than  its  perigetim  ;  its  diftance  from  the  earth 
being  1032,  of  which  the  mean  is  1000;  and 
April  the  7th  in  the  morning,  they  obferved  the 
full  fea  to  be  18  feet,  2  inches  *,  and  that  of  the 
low-water  to  be  5  inches,  which  gives  the  eleva¬ 
tion  of  the  fea  for  that  day  1 7  feet,  7  inches, 
fmaller  by  three  feet  than  the  24th  of  March. 
And  it  ought  to  be  fo  for  two  reafons ;  one  of 
which  is,  that  the  moon  was  farther  diftant  from 
the  earth  the  7ch  of  April^  than  the  24th  of 
March^  and  the  other  that  it  was  farther  diftant 
from  the  equinoctial. 

Thefe  obfervations  are  confirmed  by  thofe 
which  were  made  at  Breft  the  preceding  year. 
For  the  30th  of  June.^  17  n?  the  diftance  of  the 
moon  from  the  earth  being  960,  the  elevation  of 
the  tide  was  obferved  the  ift  of  July  to  be  18 
feet,  I  inch,  lefs  by  2  feet,  10  inches,  than  the 
14th  of  Sept,  near  the  equinox,  when  it  was  ob¬ 
ferved  to  be  20  feet,  1 1  inches,  the  diftance  of 
the  moon  from  the  earth  being  the  12th  of  Sept. 
the  day  of  the  new  moon  969,  that  is,  very  little 
different  from  that  of  the  30th  of  June. 

It  appears  therefore  by  thefe  obfervations,  that 
the  di&rent  heights  that  are  obferved  in  the  tides, 
depend  upon  two  caufes,  whereof  the  principal, 
which  hitherto  is  moft  confirmed  by  our  obferva¬ 
tions,  is  the  various  diftance  of  the  moon  from 
the  earth;  the  fecond  is  its  proximity  or  diftance 
from  the  equinoctial  ;  and  that  the  combination » 
of  thefe  two  caufes  produces  the  chief  phcenomena 
which  we  obfervc  in  the  height  of  the  tides. 

It  follows  from  hence,  ill.  That  when  the  new 
or  full  moon  meets  in  its  perigeum.,  and  at  the 
fame  time  in  the  equinoxes,  then  the  tide  wh’ch 
immediately  follows,  is  the  higheft  that  is  poffible. 

2d.  That  when  the  new  and  full  moon  meet 
VoL.  IV.  N°.  41.  M  m 
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in  the  equinoxes,  towards  the  mean  diftances,  then 
he  height  of  the  tides  is  greater  than  in  the  new 
or  full  moons,  which  happen  toward  the  mean  dif¬ 
tances,  and  near  the  foljtices, 

3d.  That  when  the  new  or  full  moon  meets  in 
it^apogeum^  and  at  the  fame  time  in  the  folfticts^ 
then  the  high-water  is  the  lowed  that  is  pofliblei 
The  two  fird  rules  agree  with  that  which  \ve  have 
hereabove  marked,  and  the  lad  is  confirnTed  hf 
the  obfervation  of  the  4th  of  J.u^e  1712,  for  th^ 
moon  being  thert  near  its  apogeu'm,  and  the  dim¬ 
mer  folftice^  the  height  of  the  full  lea  was  ohfer- 
ved  to  be  16  feet,  2  inches,  and  that  of  the  low- 
water  2  feet,  o  inches,  which  gives  the  elevatiort 
of  the  tide  14  feet  2  inches,  which  is  the  lead  that 
has  been  obferved  at  the  new  and  full  moons  in  a- 
bove  a  year.  The  5th  of  July  following  the  fun 
was  at  equal  didance  from  the  folftice^  but  the  dif- 
tanceof  the  moon  from  the  earth  was  io6i  a  lit¬ 
tle  lefs  than  the  4th  o^June^  which  ought  to  have 
caufed  a  greater  elevation  in  the  tide,  as  in  effect 
was  obferved.  For  the  5th  of  July  in  the  morn¬ 
ing,  the  height  of  the  full  fea  was  obferved  16 
feet  3  inches,  and  that  of  the  low- water,  i  foot  8 
inches,which  gives  the  elevation  of  the  tide  14  feet 
7  inches,  greater  by  5  inches  than  the  4th  of  June, 
As  to  the  fmall  tides  which  follow  the  quadra¬ 
tures,  they  obferve  the  fame  that  we  have  done  in 
the  preceding  memoirs,  that  their  various  elevations 
depend  partly  upon  the  various  didance  of  the 
moon  from  the  earth.  For  example,  the  14th  of 
February  1712,  the  day  of  the  fird  quarter,  the 
moon  being  near  its  apogeum^  and  its  didance  from 
the  earth  1062,  the  height  of  the  full  fea  was  ob¬ 
served  the  15th  February  at  night,  10  feet  9 
inches  6‘,  and  the  height  of  the  low- water  5  feet 
2  inchkCF,  fo  that  the  elevation  of  the  tide 

that 
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that  day  was  only  5  feet  7  inches  6'.  The 
twenty-ninth  of  February  following,  the  day 
of  the  third  quarter,  the  moon  being  near 
its  perigeum^  and  its  diftance  from  the  earth  975^ 
they  obferved,  the  2d  of  March  in  the  morning, 
the  height  of  the  full  fea,  1 1  feet  9  inches,  greater 
by  1 1  inches  6  lines  than  the  1 5tb  of  February. 

The  1 5th  of  Marchj  the  day  of  the  firft  quarter, 
the  moon  being  near  its  apogeum^  and  its  diftance 
from  the  earth  1063,  the  height  of  the  full  fea  was 
obferved  the  16th  of  March  in  the  morning  10 
feet  10  inches,  and  the  height  of  the  low- water  6 
feet  4  inches  ;  fo  that  the  elevation  of  the  fea  that 
day,  was  only  4  feet  6  inches,  a  little  lefs  than  the 
15th  of  February^  which  ought  to  happen,  the 
moon  being  then  a  little  nearer  the  earth,  than  in 
the  preceding  obfervation  of  the  month. 

In  the  quadratures  which  happened  when  the 
moon  was  almoft  at  equal  diftance  from  the  earth, 
they  obferved  almoft  the  fame  height  in  the  eleva¬ 
tion  of  the  tides.  For  the  1 2th  of  June^  the  day 
of  the  firft  quarter,  the  diftance  of  the  moon  from 
the  earth  being  1020,  they  obferved  that  12  in 
the  morning,  which  was  the  day  of  the  fmalleft 
tide,  the  height  of  the  full  fea  12  feet  9  inches, 
and  that  of  the  low- water  3  feet  5  inches,  fo  that 
the  elevation  of  the  fea,  was  that  day  9  feet,  4  inches. 

The  25th  of  June  following,  the  day  of  the 
laft'  quarter,  the  moon’s  diftance  from  the  earth 
being  1028,  they  obferved  the  28th  in  the  morn¬ 
ing,  the  height  of  the  full  fea,  12  feet  5  inches  8', 
and  that  of  the  low- water,  3  feet  1 1  inches  4'  j  fo 
that  the  elevation  of  the  fea  was  that  day  8  feet  6 
inches  4',  a  little  lefs  than  that  of  the  2Sth  of  June., 
as  it  ought  to  have  been  obferved,  the  diftance  of 
the  moon  from  the  earth,  being  lefs  the  13th  of 
June^  than  the  28  th.  Thefe  two  obfeivations 
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having  been  made  near  the  fummer  folftice^  we 
have  compared  them,  with  thofe  which  were 
made  near  the  equinoxes,  and  found  that  all  things 
■being  equal,  the  fmall  tides  which  follow  the  qua¬ 
dratures,  are  greater  near  the  folftices^  than  near 
the  equinoxes  ;  for  the  height  of  the  full  fea,  was 
obferved  the  1 6th  of  March^  the  day  of  the  fmal- 
left  tide  lofeet  lo  inches,  the  moon  being  near 
its  apogeum^  and  the  31ft  of  March^  13  feet  2 
inches,  the  moon  being  nearer  its  perigeum.  Tak¬ 
ing  a  mean,  .we  fhall  have  the  middle  height  of 
the  tides,  in  the  equinoxes  at  Brejl^  12  feet, 
fmaller  by  7  or  8  inches,  than  the  mean  height 
drawn  from  the  obfervations  of  the  1 5th  and  28th 
of  June^  made  in  the  foljiices, 

*  Altho’  this  efFed:  feems  contrary  to  what  we 
obferved  in  the  new  and  full  moons,  the  tides  of 
which  are  greater  towards  the  equinoxes  than  to- 
,wards  the  folftices  ;  we  fee  however  that  it  may 
depend  upon  the  fame  caufe  *,  for  the  moon  being 
in  one  of  its  quarters  at  the  time  of  the  equinox, 
runs  over  by  its  daily  motion  a  parallel  circle,  a 
little  diftant  from  the  tropicks,  and  the  preflure 
that  it  caufes  upon  the  fea,  being  made  by  a  fmall 
circle,  muft  be  lefs  felt.  On  the  contrary  the 
moon  being  in  one  of  its  quarters  at  the  time  of  the 
folftice,  runs  over  by  its  daily  motion,  the  equi- 
nodlial,  or  a  parallel  very  little  diftant  from  it, 
and  confequcntly,  its  prefTure  upon  the  waters  of 
the  fea,  which  is  made  according  to  a  great  circle 
of  the  earth,  muft  be  greater  than  when  it  run 
over  one  ol  the  tropicks. 

It  appears  by  this  that  the  feveral  heights  which 
are  obferved  in  the  tides  of  the  equinoxes  and  fol¬ 
ftices,  muft  not  be  regulated  exatftly  by  the  time 
of  the  equinoxes  and  folftices,  but  by  the  greater 
or  lefs  declination  of  the  moon,  with  regard  to 

the 
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the  equinodlial  ;  for  the  Tun  being  in  the  vernal 
equinox,  and  the  moon  in  its  laft  quarter,  that  is 
in  the  fouthern  figns,  the  height  of  the  tide  muft  be 
much  lefs,  when  the  latitude  of  the  moon  is  fouth- 
ern  than  when  it  is  northern  \  and  for  the  fame  rea- 
fon,  the  fun  being  in  the  fummer  folftice  at  the 
time  of  the  new  moon,  the  height  of  the  tide 
muft  be  much  fmaller  when  the  latitude  of  the 
moon  is  northern,  than  when  it, is  fouthern. 

From  thefe  obfervations  we  may  draw  thefe 
two  general  rules. 

I  ft,  That  all  things  being  equal,  the  tidesoughc 
to  be  lefs,  when  the  moon,  being  in  its  apogeum 
•  and  in  its  fouthern  figns,  its  latitude  is  at  the  fame 
time  fouthern*,  or  elfe  when  the  moon  being  in 
its  apogeum^  and  in  the  northern  figns,  its  lati¬ 
tude  is  alfo  northern. 

2d,  That  on  the  contrary,  the  tides  muft  be 
greater,  when  the  moon  being  in  its  perigeum 
runs  over  the  equinoblial,  without  any  decli¬ 
nation. 

It  is  difficult  to  find  obfervations  that  have  been 
made  exadily,*in  thefe  different  circumftances ;  it 
will  be  fufficient  for  us  to  obferve  that  the  i6di 
of  June  1711,  the  day  of  the  new  moon,  the 
diftance  of  the  moon  from  the  earth  being  1048, 
that  is  the  moon  being  near  its  apogeum^  with  a 
fouthern  declination  of  26°  36',  which  is  the  great- 
eft  that  has  been  found  in  more  than  a  year,  the 
height  of  the  full  fea  was  obferved  the  17th,  to 
‘  be  16  feet  2  inches  6',  which  is  one  ofthefmalleft 
that  has  been  obferved.  The  4th  of  June^  the 
year  following,  the  day  of  the  new  nhoon,  the  dif¬ 
tance  of  the  moon  from  the  earth  being  1064,  and 
the  northern  declination  of  the  moon  25°  10,  the 
height  of  the  greateft  tide  was  obferved  that  day, 
16  feet  2  inches,  which  is  the  leaft  that  we  have 
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found  at  Breft^  in  the  obfervations  of  the  new  and 
full  moons. 

The  fame  e(fe6b  is  obferved  in  the  quadratures, 
for  the  5th  ot  September  1711,  the  day  of  the 
laft  quarter,  the  moon’s  diftance  from  the  earth 
being  1061,  and  the  northern  declination  of  the 
moon  26®  31',  which  is  one  of  the  greateft  that 
has  happened  from  the  23d  o^June  1711,  to  the 
1 1  th  of  July  1712.  The  height  of  the  fmallefl:  tide 
was  obferved  the  6th  of  September^  10  feet,  3 
inches,  which  is  the  lowed:  that  has  been  obferved 
for  above  a  year  ;  the  height  of  the  low-water  was 
obferved  at  night,  to  be  5  feet  1 1  inches,  fo 
that  the  elevation  of  the  fea  that  day  was  only  4 
feet  4  inches. 

The  1 5th  of  March^  the  following  year,  1712, 
the  day  of  the  laft  quarter,  the  diftance  of  the  moon 
from  the  earth  being  1063,  pretty  near  the  fame 
as  the  5th  of  September^  and  the  moon’s  northern 
declination  25°  45',  a  little  lefs  than  in  the  obfer- 
vation  of  the  preceding  year,  the  height  of  the 
fmalleft:  tide  was  obferved  the  i6th  of  March^  10 
feet  10  inches,  a  little  greater  than  the  5th  of  Sep^ 
tember  17J  i,  but  one  of  the  lowed:  that  had  been 
obferved,  the  elevation  of  the  fea  that  day  being 
only  4  feet  6  inches. 

As  to  the  great  tides  which  ought  to  happen 
when  the  moon  is  in  lisperigeum^  and  runs  over 
the  equino6lial,  we  have  no  obfervations  at  Breji 
that  have  been  made  in  thefe  circumftances-,  it  will 
be  fufheient  to  remark,  that  the  12th  of  Septem¬ 
ber  17 1 1,  the  diftance  of  the  moon  from  the  earth 
being  969,  and  its  declination  with  regard  to  the 
equinoctial  2°  39',  which  is  the  fmalleft;  that  hap¬ 
pened  in  the  new  and  full  moons,  from  the  i6th 
of  June  1 7 1 1 ,  to  the  1 1  th  of  July  1 7 1 2,  the  height 
of  the  full  fea  was  obferved  the  14th  of  September, 
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18  feet  II  inches,  and  that  of  low- water  2  feet 
below  the  fixed  point,  which  gives  the  elevation 
of  the  tide  for  that  day  20  feet  ii  inches,  which 
is  one  of  the  greateft  that  happened  at  Breji^  in 
that  interval  of  time. 

We  may  here  obferve  that  the  difference  be¬ 
tween  the  circles  of  declination  from  one  degree  to 
another,  continually  increafes  by  receding  from 
the  equator,  and  approaching  to  the  pole  5  and 
that  confequently  the  variation  of  the  declination 
of  the  moon,  muft  produce  a  lefs  fenfible  'effect 
upon  the  tides  near  the  equinodtial  than  towards 
the  tropicks. 

The  obfervations  here  above  related,  feem  fuf- 
ficiently  to  prove  that  the  different  declinations  of 
the  moon,  with  regard  to  the  equinodial,  contri¬ 
bute  to  increafc  or  diminifhi  the  heights  of  the 
tides,  as  well  as  the  various  di fiances  of  the  moon 
from  the  earth.  Thefe  two  caufes  being  ge¬ 
nerally  complicated,  it  is  neceffiry  in  order  to  dif- 
tinguifh  them,  to  have  a  greater  number  of  obfer- 
vations,  made  in  different  fituations  of  the  moon, 
as  well  with  regard  to  the  earth,  as  with  regard  to 
the  equinodtial ;  for  this  reafon  we  have  thought 
it  neceffary  to  examine  fome  v/hich  were  made 
at  Breft  in  1 692 . 

The  journal  of  thefe  obfervations  beginsj^/;/^?  6, 
1692,  and  ends  the  lafl  of  OEioher  of  the  fame  year. 
They  have  there  marked  every  day  the  height  of 
the  full  fea,  with  regard  to  a  rock  cajled  the  Kofe^ 
which  is  at  the  entrance  and  within  the  port,  and 
have  alfo  added  the  temperature  of  the  air,  and 
the  fituation  and  force  of  the  wind. 

By  the  examination  that  we  have  made  of  all 
thefe  obfervations,  we  have  found,  that  in  this 
interval  of  time  the  greateft  tide  happened  the 
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i2th  oi September  1692,  two  days  after  thenew 
moon,  the  Tea  being  that  day  rifen  to  the  height  of 
28  feet  7  inches.  Having  calculated  the  fituation 
of  the  moon  for  the  time  of  the  preceding  new 
moon,  which  happened  the  loth  of  September^  at 
6"  12'  PM.  we  found  that  this  planet  was  very  near 
Its perigeum^  its  diftance  from  the  earth  being  936 
parts,  the  mean  of  which  is  1 000 ;  the  moon  was 
alfo  very  near  the  equino6tia],  its  fouthern  decli¬ 
nation  being  only  f  1 1',  which  could  caufe  very 
little  variation  in  the  height  of  the  fea. 

In  the  other  obfervations  of  the  tides,  made  at 
the  new  or  full  moons;  this  planet  was  not  only 
farther  difhant  from  the  earth,  than  on  the  loth  of 
September^  but  even  its  declination,  with  regard 
to  the  equino6tial,  was  greater  ;  thus  all  the  tides 
ought  to  be  fmaller  than  the  1 2th  of  September^ 
which  is  conformable  to  the  obfervations. 

In  the  full  moon  following,  which  happened 

the  25th  of  Septembery2ii  10''  54' in  the  morning, 

the  moon  was  in  its  apogeum^  its  diftance  from  the 

earth  was  1065,  and  its  northern  declination  f 

59'.  The  25th  they  alfo  obferved  the  height  of 

the  fea,  to  be  25  feet  5  inches,  3  teet  2  inches 

lower  than  the  12th  of  the  fame  month. 

« 

The  1 4  of  7/^^^  the  fame  year,  the  day  of  the 
new  moon,  the  diftance  of  the  moon  from  the  earth 
being  993,  the  mean  of  which  is  loco,  and 
its  northern  declination  being  27^  10',  which  is 
the  higheft  that  happened,  they  obferved  the  i6th 
the  height  of  the  fea,  25  feet  7  inches,  lower 
by  I  foot  5  inches,  than  the  mean  height  of  the 
tides,  drawn  from  obfervations  made  in  the  month 
of  September,  when  the  moon  was  near  the  equa¬ 
tor. 

As  to  the  fmall  tides  obferved  at  Brefi,  in 
the  quadratures,  we  find  that  the  greateft  hap- 
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pened  the  23d  of  June^  two  days  after  the  hrlt 
quarter ;  the  fea  being  rifen  tl>at  day  to  the  height 
of  21  feet  4  inches.  The  moon  was  then  near  its 
ferigeum^  its  diftance  from  the  earth  being  977,  it 
was  alfo  very  near  the  equinodial,  its  northern  de¬ 
clination  being  only  3^  42'. 

The  8th  of  the  preceding  the  height  of 
the  fea  was  obferved  19  feet  i  inch,  lefs  by  2  feet 
3  inches  than  the  23d  oijune^  as  they  ought  to  have 
obferved,  the  moon  being  the  6th  of  June^  the 
day  of  the  laft  quarter,  in  its  afogeiim^  and  its  dis¬ 
tance  from  the  earth  1064. 

We  fee  therefore  by  thefe  obfervations  made  at 
Brejl  in  1692,  as  well  as  by  thofe  that  have  been 
made  the  laft  years  in  the  fame  port,  that  the  dif- 
tance  of  the  moon  from  the  earth,  and  its  de¬ 
clination,  with  regard  to  the  equator,  contribute 
very  much, to  the  increafe  and  diminution  that  are 
obferved  in  the  heights  of  the  tides.  1 

Upon  thefe  principles  we  hav^e  prepared  ta¬ 
bles,  to  find  at  Breft^  the  height  of  the  tides, 
as  well  in  the  new  and  full  moons,  as  in  the 
quadratures. 

For  this,  we  fuppofe  that  at  Brejl ^  in  the  great 
tides  which  follow  the  new  or  full  moons,  when 
the  planet  is  in  its  perigeum^  and  at  the  fame  time 
runs  over  the  equinodlial,  the  height  of  the  full  lea 
is  20  feet  *,  and  that  when  the  moon  is  in  its  apo- 
geum^  and  upon  the  equinoctial,  the  height  of  the 
full  fea  is  17  feet  o  inches  ;  and  that  when  it  is  in  its 
apogeum^  and  its  declination  with  regard  to  the  e- 
quinodlial  is  28^  50',  which  is  the  greateft  that 
it  can  have,  the  height  of  the  lull  fea  is  1 5  feet, 
6  inches.  We  alfo  fuppofe  that  in  the  fmall  tides 
which  follow  the  quadratures,  when  the  moon  is 
VoL.  IV.  41.  N  n  in 
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in  its  perigeum^  and  runs  over  the  equinoctial,  the 
height  of  the  full  fea  is  14^  o';  that  when 
this  planet  is  in  its  apogeum^  and‘  upon  the 
equinoctial,  the  height  of  the  full  fea  is  12 
feet  5  and  that  when  it  is  in  its  apogeum^  and 
its  declination  is  28^  50',  the  height  of  the 
full  fea  is  10^  6'. 

According  to  thefe  rules,  the  difference  of 
the  height  of  the  full  fea  caufed  by  various 
diftances  of  the  moon  from  the  earth  in  the 
new  and  full  moons,  is  three  feet,  twice  as 
great  as  that  which  is  produced  by  the  declina¬ 
tion  of  the  moon  v/ith  regard  to  the  equi- 
noClial. 

But  as  the  difference  between  the  diffance  of 
the  moon  from  the  earth  in  its  apogeiim^  and  in  its 
perigeiim^  is  fmaller  by  f  in  the  quadratures  than 
in  the  new  and  full  moons,  they  have  fu[)pored 
that  the , difference  of  the  height  of  the  full  fea 
c'aufed  by  various  diftances  of  the  moon  from  the 
earth  in  the  quadratures,  is  only  two  feet,  conform¬ 
able  to  the  obfervations. 

In  the  other  fituations  of  the  moon  with  regard 
to  the  earth  *,  the  height  of  the  full  fea  is  propor¬ 
tionable  to  the  various  diftances  of  the  moon  from 
the  earth.  To  find  the  variations  caufed  by  the 
declination  of  the  moon  with  regard  to  the  equi- 
rioClial,  we  have  taken  declinations  of  which  the* 
fines  of  the  complements  are  in  arithmetical  pro¬ 
portion,  that  we  may  be  able  to  diftribute  equally 
the  height  of  the  tides. 

V/e  fnall  find  by  the  means  of  thefe  tables,  and 
of  the  following  rules,  the  height  of  the  great  and 
fmall  tides  at  as  well  in  the  new  and  full' 

moons  as  in  the  quadratures. 
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•  #  f  • 

Rule  I. 

To  find  at  Brefi  the  height  of  the  greatefi:  tide, 
which  ought  to  happen  in  a  given  liew  or  full 
moon. 

Seek  by  the  aftronomical  tables  the  diftance  of 
the  moon  from  the  earth,  and  its  declination  with 
regard  to  the  equinodlial  ;  take  at  the  top  of  the 
firit  cable  the  dillance  of  the  moon  from  the  earth, 
and  at  the  fide  its  declination,  and  you  will  find 
over-againft  it  the  height  of  the  greatefi:  tide. 

Rule  II. 

To  .find  at  Brefl  the  height  of  the  finallefl: 
tide,  which  ought  to  follow  one  of  the  quadra¬ 
tures. 

Seek  by  the  afironomical  tables,  the  diftance  of 
the  moon  from  the  earth,  and  its  declination ; 
rake  at  the  top  of  the  fecond  table  the  diftance  of 
the  moon  from  the  earth,  and  at  its  fide  its 
declination,  the  height  of  the  tide  which  an- 
fwers  to  thefe  two  figures,  will  be  the  height 
of  the  fmallefi:  tide  which-follows  the  quadrature 
given. 

Examp.  I.  We  feek  the  height  of  the  greatefi: 
tide  which  happened  in  the  new  moon  Octo¬ 
ber  1 7 1 1 . 

We  (hall  find,  that  the  12th  of  October  at 
6^  in  the  morning,  the  time  of  the  new 
moon,  the  diftance  of  this  planet  from  the  earth 
was  947,  and  its  fouthern  declination  12^  13'. 
Take  in  the  ^firft  'table  over-againft  95,  and 
12?  O’,  the  height  of  the  greatefi:  tide  which 

N  n  2  we 
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we  fhall  find  to  be  19^  6'  exactly  the  fame  a 
was  obferved. 

Ex  amp,  2.  We  feek  the  height  of  the  greateft 
tide  which-  happened  in  the  new  moon  of 
June  1712. 

We  find,  that  the  4th  of  June  at  7’’  25 /in  the 
morning,  the  time  of  the  new  moon,  the  north¬ 
ern  declination  of  that  planet  was  25^  10',  and 
its  diftance  from  the  earth  1064.  Take  in  the 
firft  table  over-againft  106,  and  25°  33/,  the 
height  of  the  greateft  tide  that  we  fhall  find  1 5 
feet,  10  inches,  only  4  inches  lefs  than  what  was 
obferved. 

Examp,  3.  We  feek  the  height  of  the  fmallcft 
tide  which  follows  the  firft  quarter  of  the  moon 
the  23d  of  1712. 

We  find,  that  the  25th  of  June  at  8^  18'  P.  M. 
the  northern  declination  of  the  moon  was  6^  30', 
and  its  diftance  from  the  earth  987.  Take  in  the 
fecond  table  over-againft  99,  and  6^  56,  the 
height  of  the  fmalleft  tide  which  we  fhall  find  to  " 
be  13  feet,  8  inches,  within  about  4  lines  of  what 
was  obferved. 

Ex  amp,  4.  We  feek  the  height  of  the  fmalleft 
tide  which  followed  the  firft  quarter  of  the  moon. 
Sept.  5,  1712. 

We  fhall  find  at  that  time  the  moon’s  diftance 
from  the  earth  was  1061,  and  its  northern  decli¬ 
nation  26^  28'.  Take  in  the'  fecond  table  over- 
againft  106,  and  26^  22',  the  height  of  the 
fmalleft  tide  which  we  fhall  find  10^  9'  0'',  only 
6  inches  greater  than  what  they  obferved. 


We 


Royal  Academy  o/"Sciences,  277 

We  might  draw  up  like  rules  to  find  the  height 
of  the  tides  in  the  other  ports  of  the  ocean,  pro¬ 
vided  we  had  feveral  obfervations  of  the  full  fea 
made  in  different  fituations  of  the  moon,  and 
principally  when  it  is  near  its  apogeum  and  its  pe^ 
rigeum^  when  it  runs  over  the  equinodial ;  or 
when  it  is  towards  its  greateft  declination. 
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III.  On  the  height  of  the  atmofphe?^e^  by  M, 

de  la  Hire** 

Let  the  circle  TNIf,  be  one  of  the  great  cir¬ 
cles  of  the  earth,  of  which  the  centre  is  C,  and  let 
the  meeting  of  the  plane  of  this  circle,  with  the 
furface  of  the  atmolphere,  which  I  fuppofe  fphe- 
rical,  be  the  circle  ZPA ,  of  which  the  centre  is 
alfo.in  C ;  let  the  fenfible  horizon  of  a  point  T,  of 
the  furface  of  the  earth  be  TL,  which  fhall  be  per¬ 
pendicular  to- the  vertical  line  ZTC  of  the  fame 
point  T.  % 

We  know  by  the  obfervations  that  a  ray  of 
light  which  comes  from  a  ftar,  and  makes  with- 
the  horizon  TL,  an  angle  of  32',  underneath,  as 
PM,  after  having  traverfed  the  atmofphere,  comes 
to  the  eye  at  T,  where  it  appears  in  the  horizon 
TL;  and  this  ray  miift  deferibe  in  the  atmofphere 
a  curve,  which  fhalibe  touched  at  the  point  T,  by 
the  horizon  LT  ;  for  the  ray  MP,  pitting  the 
furface  of  the  atmofphere  obliquely  in^^.  draws 
nearer  the  perpendicular  CP,  by  advancing  toward* 
T,  and  turning  its  concavity  toward  the  earth,  be- 
caufe  the  atmofphere  is  a  body  which  continually 
increafes  in  denfity  as  it  approaches  the  earth.  This 
angle  of  32'  is  what  we  call  the  horizontal  re¬ 
fraction. 

It  follows  from  hence,  that  all  the  luminous 
points  which  fhould  be  upon  the  curve  PT,  with¬ 
in  the  atmofphere  would  appear  in  the  horizon 
TL,  and  thofc  which  fhould  be  underneath  would 
not  appear  from  the  point  T,  and  if  we  would 
confidcr  the  atmofphere,  as  a  matter  quite  homo- 
Feb.  25,  1713.  f  Plate  Fig.  i.  Page 
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geneous  like  water,  and  as  many  aftronomers 
have  done,  it  is  evident  the  fame  thing  would  al¬ 
ways  follow  ;  for  then  a  ray  m  p  which  fhould 
make  with  TL  an  angle  mpL,'oi  32'  by  meeting 
the  atmofphere  in  p  would  turn  afide  by  the 
right  horizontal  line  p  T ;  but  this  fuppofition 
not  being  natural,  wc  fhall  here  make  uie  of  the 
curve  FT. 

If  thro’  the  point  P  we  therefore  bring  the  ray 
of  the  earth  CNPK  which  meets  its  furface  in  N, 
and  the  horizon  TL  in  K,  and  take  an  arch  NI 
equal  to  the  arch  NT,  it  is  evident  that  IK  would 
be  perpendicular  to  the  femi-diameter  of  the 
earth  Cl ;  and  'that  the  eye  being  placed  at  I 
would  fee  all  the  luminous  points  v/hich  fhould  be 
within  the  atmofphere,  and  in  a  curve  I P  like 
TP,  in  the  line  IK  which  would  be  horizontal 
from  the  point  I,  as  TK  is  from  the  point  T. 

But  moreover  if  we  alfo  imagine  beyond  I  an¬ 
other  curve  lA  within  the  atmofphere,  and  which 
is  equal  and  fimilar  to  IP  or  TP,  it  follows  that 
a  ray  of  light  as  DA,  which  fhould  meet  the  at¬ 
mofphere  in  A,  and  make  with  KI  prolonged  an 
angle  of  32V  would  traverfe  the  atmofphere  by 
the  curve  A I  in  touching  the  circumference  of  the 
circle  of  the  earth  TNI  in  I,  and  would  purfue  its 
way  by  the  other  curve  IP,  and  would  go  out  of 
the  atmofphere  at  P,  making  with  IK  an  angle 
of  32'. 

Now  let  us  fee  the  efFed  of  the  rays  of  the  fun 
in  the  atmofphere. 

All  aftronomers  agree  that*  when  the  centre  of 
tlie  fun  is  18  degrees  below  the  horizon,  we  fee 
the  beginning  or  the  end  of  the  twilight  •,  and 
thofe  who  have  obferved  the  twilight  in  ferene 
cold  weather,  take  notice  that  its  light  is  diftind 
enough  toward  the  horizon  to  make  an  exad  de- 

VoL.  IV.  N^.  42.  O  o  termi- 
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termination  of  it;  and  confequently  if  we  draw 
the  line  TF  which  makes  with  TL  an  angle  of 
18  degrees,  this  line  TF  will  tend  to  the  centre 
of  the  fun  without  having  regard  to  the  refrac¬ 
tion  ;  and  if  DA  was  a  ray  which  came  from  the 
centre  of  the  fun,  arid  met  without  refraftion  TL 
in  Q,  the  angle  DQL  would  be  1 8  degrees. 

But  the  beginning  of  the  twilight  which  may 
appear  to  the  eye  placed  at  T,  is  produced  by  the 
firft  rays  which  come  from  the  edge  of  the  fun, 
and  may  meet  the  furface  of  the  atmofphere  in  P 
upon  the  curve  TP;  and  thefe  rays  would  make 
with  the  horizon  TL  an  angle  as  ^/QL  of  18'  mu 
nus  the  femi-diaineter  of  the  fun  ;  for  thofe  which 
fhould  make  an  angle  greater  than  d  QL,  could 
not  meet  the  arch  of  the  atmofphere  in  the 
curve  TP,  and  thofe  which  fliould  make  an  angle 
lefs  than  ^^QL,  as  when  the  centre  of  the  fun  is 
nearer  the  horizon  than  18  degrees,  would  ’meet 
arch  of  the  atmofphere  between  Z  and  P,  and 
then  the  light  of  the  crepufculum  would  be  alrea¬ 
dy  raifed  upon  the  horizon.  Altho’  we  here  con- 
fider  the  rays  of  the  edge  of  the  fun  for  the  for¬ 
mation  of  the  twilight,  this  does  not  hinder  us 
from  having  determined  its  beginning  when  the 
centre  of  the  fun  is  yet  18  degrees  below  the  ho¬ 
rizon. 

But  if  dQ  IS  the  firft:  ray  of  the  fun  which  can 
meet  the  atmofphere  in  P,  to  make  the  eye  at  T 
perceive  the  beginning  of  the  twilight,  it  mud 
come  out  of  its  upper  limb,  which  is  remote  from 
its  centre  in  the  mean  diftance  of  16';  for  this 
reafon  the  angle  of  18^  muft  be  diminifhed  by 
thefe  16';  and  as  w^e  have  juft  demonftrated  that 
it  muft  be  alfo  diminiflied  32’,  which  is  the  hori¬ 
zontal  refradfion  ;  we  mull  therefore  fubftra(5t 
from  18^  the  tw'o  angles  of  j6'and  32^  to  have 

I  the 
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the  angle  of  17^  12',  which  is  the  only  one  we 
here  confider,  or  want  for  our  purpofe. 

Let  us  fuppofe  therefore  to  avoid  the  confufton 
of  the  lines,  that  the  ray  which  meets  the 
atmofphere  in  A  where  it  enters,  being  pro¬ 
longed  to  TL,  at  makes  the  angle  ^  of 
1 8  ^  minus  1 6',  but  that  in  meeting  the  atmo¬ 
fphere  at  A,  it  turns  afide  and  touches  the  furface 
of  the  earth  in  I,  and  afterwards  purfqes  its  way 
by  the  curve  line  IP  fimilar  to  I  A,  which  is  allb 
fimilar  to  TP  ;  and  if  thro’  the  point  I  we  draw 
the  tangent  RIK  to  the  arch  of  the  earth  TI, 
which  meets  TL  in  K,  we  fliall  have  the  angle 
IKL  of  17^  12^  which  muft  be  equal  to  the  an¬ 
gle  TCI,  or  ACK,  and  CK  will  divide  this  an¬ 
gle  into  two  equal  parts;  therefore  the  angle 
TCK,  or  ICK,  will  be  of  8  degrees  36',  which 
is  the  half  of  17®  12',  when  the  firft  rays  of  the 
fun  will  meet  the  furface  of  the  atmofphere  in  P, 
which  is  the  point  where  we  begin  to  fee  the  twi¬ 
light  from  the  point  T  placed  upon  the  furface  of 
the  earth. 

*  Now  if  we  fuppofe  that  the  arch  of  the  atmo¬ 
fphere  palTes  in  K,  then  the  ray  as  n  K,  which 
fhould  make  with  LK  an  angle  of  32',  muft  be 
refraefted  in  the  atmofphere  by  the  right  line  KT 
to  go  to  T,  which  cannot  be  as  we  have  faid,  be- 
caufe  of  the  unequal  denfity  of  the  atmofphere ; 
therefore  the  atmofphere  muft  neceftarily  pafs  be¬ 
low  K  towards  N. 

But  if  thro*  the  point  T  we  draw  a  line  T^/ 
which  makes  with  LT  the  angle  KT/  of  32',  I 
fay  that  the  atmofphere  cannot  pafs  in  for  then 
the  curvity  of  the  ray  f  q  muft  be  made  above 
f qT  to  go  to  T,  where  it  muft  touch  KT, 

*  Fig,  2, 
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becaufe  this  curvity  mufl:  have  its  concavity  turned 
toward  the  earth,  and  this  refradted  ray  q  T  be¬ 
ing  bent,  would  divaricate  from  the  diredl  ray  fq 
by  receding  from  the  perpendicular  C  q  drawn  to 
the  furface  of  the  atmofphere,  whereas  it  ought 
to  approach  it  *,  it  will  pafs  therefore  above  q  to¬ 
ward  K. 

Let  us  now  fee  by  the  means  of  the  given  an¬ 
gles,  and  by  the  magnitude  of  the  radius  or  femi- 
diameter  of  the  earth,  which  is  known,  what  arc 
the  magnitudes  of  the  lines  NK  and  N (7. 

We  have  in  the  triangle  CTK  redlangular  in  T, 
the  angle  TCK  of  8®  36',  therefore  its  comple¬ 
ment  CKT  will  be  81'’  24';  and  we  know  the 
femi-diameter  of  the  earth  CT  3,269,297  toifes, 
we  fhall  find  therefore  CK  of  3,306,520  toifes, 
from  which  taking  away  CN  or  CT,  there  will 
remain  NK  of  37,223  toifes. 

Again,  in  the  triangle  CT^  we  have  the  angle 
TCy  known  as  above  to  have  8°  36';  but  the 
angle  CyT  is  lefs  than  a  right  one  by  36',  fince 
KTy  is  fuppofed  to  be  36',  therefore  CTy  will 
be  89^  24';  and  lafily,  the  angle  CTy  will  be 
82^  o';  and  CT  is  the  fame  as  in  the  other;  we 
fliall  find  therefore  Cy  3,301,244  toifes,  from 
which  taking  away  the  value  of  CN,  there  will 
remain  for  Ny  31,947  toifes. 

It  therefore  follows  from  hence,  that  the  height 
of  the  atmofphere  is  lefs  than  37,223  toifes,  and 
greater  than  Ny  which  is  3r,947  toifes  ;  and  if 
we  take  the  mean  which  cannot  be  far  from  the 
truth,  we  fliall  have  the  height  of  the  atmofphere 
NP,  34,585  toifes. 

M.  Mariottc  in  his  eflay  on  the  nature  of  the 
air,  concludes  the  height  of  the  atmofphere  a  little 
lefs  than  this  by  his  principle  of  the  condenfation 
of  the  air  in  its  different  heights,  and  upon  expe- 
j  riments: 
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riments :  but  thefe  forts  of  calculations  can  never 
be  very  juft,  becaufe  they  are  deduced  from  fome 
gravity  of  the  air  near  the  earth  *,  and  befides  we 
cannot  know  by  our  experiments  exactly  to  what 
height  the  elaftic  particles  of  the  air  can  dilate 
themfelves  in  the  cether^  nor  the  progreftion  of 
their  dilatation ;  and  it  is  a  good  deal  to  have 
come  fo  near  as  he  has  done. 

Kepler  in  his  Epitomy  of  Aftronomy  determines 
the  lieight  of  the  atmofphere  (3y  the  crepuj'ctila  ac¬ 
cording  to  the  iciea  of  the  ancients,  whoconfidered’ 
only  direcft  rays  which  met  the  atmofphere,  after 
having  touched  the  earth,  without  having  regard 
to  the  refradion  ;  and  he  finds  it  by  a  calculation 
which  he  makes  of  10  German  miles,  each  of 
which  is  equal  to  about  3,800  of  our  toifes  ;  and 
the  height  of  the  atmofphere  would  therefore  be 
38,000  toifes,  which  is  more  than  we  have  found 
it,  and  much  more  than  he  believed  it ;  for  he 
reckoned  its  true  height  only  at  a  little  more  than 
half  a  German  mile,  which  would  bealmoft  2,000 
toifes.  There  is  a  great  probability  that  fo  con- 
fiderable  a  difference  made  him  feek  the  means  of 
explaining  the  twilight,  by  employing  thereupon 
fome  refle<ftions  within  the  atmofphere  which  he 
adds  to  the  refra6lion  ;  and  by  a  matter  which  he 
imagines  to  be  about  the  fun,  and  to  be  illumi¬ 
nated  by  it ;  and  he  infifts  ftrongly  upon  this 
thought,  for  he  relates  many  reafons  to  fupport  it, 
one  of  the  principal  of  which  is,  the  curved  figure 
of  the  twilight  which  is  obferved  in  the  cold  and 
ferene  nights  *,  he  alfo  adds,  that  this  apparent  fi¬ 
gure  is  a  fegment  of  a  circle  which  terminates  at 
the  horizon  ;  but  I  am  going  to  demonftrate  that 
it  is  not  a  portion  of  a  circle,  but  an  hyperbola 
which  is  a  little  altered  by  the  refra6lion,  and  that 
it  is  not  neceffary  for  the  explaining  this  curved 
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figure  of  the  crepufculuwy  to  have  recourfe  to  a 
matter  which  encompaffcs  the  fun,  and  chat  it  is 
only  the  atmofphere  which  mud  produce  it,  for 
fuch  a  matter  would  very  much  interrupt  the  ce^ 
leftial  pbcenomena, 

“f  Let  there  be  as  before,  the  vertical  line  CT, 
which  pafTing  thro’  a  point  T  of  the  furface  of 
the  earth,  meets  the  furface  of  the  atmofphere 
ZX  at  the  point  Z,  and  let  XL  be  the  horizon 
of  the  point  T,  which  is  perpendicular  to  the 
vertical  CT  ;  and  let  the  furface  of  the  atmo¬ 
fphere  ZX  be  illuminated  in  P  by  the  rays  of  the 
limb  of  the  fun  which  is  yet  under  the  horizon  *, 
and  as  we  fuppofe  this  point  P  raifed  above  the 
horizon  XL,  there  will  appear  a  part  ot  the  arch 
of  the  twilight  above  the  horizon.  If  we  draw 
therefore  the  radius  of  the  earth  CP  which  meets 
its  furface  at  N,  and  take  the  arch  NI  of  8*^  36', 
we  fhall  have  the  point  I,  upon  the  circumference 
of  the  earth,  where  the  rays  of  the  upper  limb  of 
the  fun,  after  being  refradted  in  the  atmofphere 
by  entering  into  it,  and  in  their  way,  will  touch 
this  circumference,  and  from  thence  turn  them- 
lelves  toward  P,  where  they  will  meet  the  ex-  • 
tremity  of  the  atmofphere,  as  has  been  feen  in 
the  beginning  of  this  memoir. 

But  as  the  fame  thing  happens  all  about  the 
earth;  as  to  the  ray  IP  in  the  atmolphere  that  fur- 
rounds  it,  if  we  draw  the  radius  of  the  earth  Cl, 
and  thro’  the  point  P  the  line  PV  parallel  to  Cl ; 
this  line  PV  will  reprefent  the  circle  of  the  fur¬ 
face  of  the  atmofphere  which  is  illuminated  by 
the  rays  of  the  edge  of  the  fun ;  it  will  therefore 
be  this  circle  PV, which  muft  reprefent  the  arch  of 
the  extremity  of  the  twilight  feen  above  the  hori- 

t  Fig.  3. 
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zon  from  the  point  T,  of  which  the  point  P  will 
be  the  mod  elevated  part. 

Let  us  now  confider  the  circle  PV  for  the  bale 
of  a  cone  which  lias  its  vertex  at  T,  where  the 
eye  is  placed,  the  triangle  TPV  will  be  the  tri¬ 
angle  through  the  axis  of  this  cone,  which  is  per¬ 
pendicular  to  its  bafe,  and  its  furface  determines 
the  extremity  of  the  twilight  with  relation  to  the 
fummit  T  ;  we  need  therefore  only  confider  the 
figure  of  the  fedion  of  this  conic  furface  upon  a 
plane. 

When  one  is  pretty  far  didant  from  a  plane 
upon  which  there  is  a  figure  drawn,  and  cannot 
know  the  diftance  of  the  eye  from  the  extremities 
of  the  figure,  we  always  imagine  that  this  figure 
is  in  a  plane  perpendicular  to  the  principal  ray 
which  goes  out  of  the  eye  to  the  figure,  as  if  it  had 
a  circle  drawn  upon  a  plane,  and  this  plane  was 
very  much  inclined  to  the  eye  which  fhould  look 
upon  the  circle  *,  and  befides  the  plane  not  being 
vifible,  and  this  circle  being  very  diftant  from 
the  eye,  we  fhall  always  judge  that  the  figure  is 
elliptic,  for  we  conceive  it  in  a  plane  perpendicu-^ 
lar  to  the  rays  drawn  from  the  eye  to  the  figure. 

It  is  the  fame  here  with  the  fedlion  of  the  cone 
TPV,  of  which  there  can  only  be  a  fmall  part 
above  the  horizon  TL  ;  and  as  we  fuppofe  that 
the  twilight  is  in  a  vertical  plane  perpendicular  to 
the  horizontal  line  TL,  and  to  the  triangle  thro* 
the  axis  of  the  cone,  we  muft  imagine  that  its  fi¬ 
gure  is  upon  this  plane,  and  is  an  hyperbola;  fince 
the  plane  parallel  to  the  plane  where  the  fetfiion 
is,  and  which  paffes  thro*  the  vertex  T  of  the 
cone,  is  within.  The  eye  being  placed  at  T,  muft 
therefore  judge  that  the  figure  of  the  arch  of  the 
twilight  is  hyperbolical.  But  alfo  the  curvky  of 
an  hyperbolical  arch  being  flatter  on  both  fides  its 

ver- 
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vertex  than  the  curve  of  an  arch  of  a  circle,  will 
appear  alfo  more  flatted  toward  the  horizon,  where 
the  refradion  will  raife  this  arch  much  more  than 
towards  lisvertex^  which  makes  the  difference  ftill 
greater  between  the  curvity  of  the  twilight,  and 
an  arch  of  a  circle. 

It  is  feen  by  this  explication,  that  in  proportion 
as  the  upper  part  of  the  arch  of  the  twilight  rifes 
toward  the  zenith  Z,  which  is  done  in  a  very 
little  time,  fince  it  muft  run  over  a  quadrant  of  a 
circle  whilft  the  fun  rifes  only  8^  36' toward  the 
horizon,  as  from  the  point  I  toward  N  in  Jig.  i. 
that  is  from  the  beginning  of  the  appearance  of  the 
twilight,  and  then  the  part  of  the  horizon  occu¬ 
pied  by  the  twilight,  is  greater  than  a  femi-circle, 
fince  it  muft  be  determined  by  the  little  circle  Zy 
which  will  make  with  CZ  an  angle  equal  to  CPV, 
which  cuts  the  horizon  in  t  beyond  T,  where  its 
light  hinders  the  eye  at  this  point  T  from  difcern- 
ing  the  term  of  the  arch  of  the  twilight,  which 
very  readily  difappears  from  the  eye  by  the  rays 
which  come  to  it  from  the  whole  body  of  the 
fun. 

It  ftill  remains  for  me  to  explain  how  Kepler 
has  found  the  height  of  the  atmofphere  by  the 
twilights  to  be  10  German  miles  according  to  the 
ancients,  without  having  regard  to  the  ^  refrac¬ 
tion. 

f  Let  there  be  the  furface  of  the  earth  IT,  its 
centre  C,  and  the  horizon  TK,  from  the  point 
of  its  furface  T,  if  we  take  the  arch  T1  of  its  cir¬ 
cumference  of  1 8  degrees,  and  draw  the  tangent 
DI  to  the  horizon  TK  at  K,  we  fhail  have  the 
point  K  where  we  ought  to  begin  to  fee  the  twi¬ 
light  from  the  point  T,  for  the  point  K  muft  be 

t  f’ig-4* 
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that  where  the  rays  of  the  fun  meet  the  atmo- 
fphere.  It  follows  therefore,  that  if  we  draw 
CK,  which  muft  cut  in  two  equal  parts  in  N  the 
arch  TI,  the  angle  TCI,  or  ICK  will  be  9  de¬ 
grees,  and  the  triangle  ICK  will  be  redlangular 
in  I,  and  fuppofing  the  radius  of  the  earth  Cl  to 
be  904  German  miles,  he  finds  CK  to  be  914 
miles,  from  which  taking  away  CN  of  904,  there 
remains  NK  of  10  miles  for  the  height  of  the  at-  . 
mofphere. 

He  adds,  that  this  demonftration  neglecfis  all 
the  caufes  except  the  fun,  as  the  refradlion,  the  re- 
fie(fi;ion  of  the  rays  within  the  atmofphere,  and 
the  etherial  matter  which  he  imagines  about  the 
fun  :  thus  he  reafons  from  thefe  caufes  without  ap¬ 
plying  any  calculation  to  them,  to  draw  from 
them  the  height  of  the  atmofphere  of  a  little  above 
half  a  mile,  which  he  reckons  to  be  its  true  va¬ 
lue. 

He  fays,  that  the  matter  of  the  atmofphere  is 
homogeneous,  and  that  its  furface  is  as  well  ter¬ 
minated  as  that  of  the  ocean.  It  is  certain,  that 
the  refradlion  of  the  rays  of  the  fun  in  entering 
into  the  atmofphere,  mufl  be  confidered  as  I  have 
done  *,  but  he  adds  that  thofe  rays  which  do  not 
meet  the  earth,  and  which  in  purfuing  their  way 
within  the  atmofphere,  meet  its  furface  in  going 
out  as  if  they  had  entered  it,  except  fome  which 
are  refiedled  within  tow^ard  the  earth,  and  which 
only  produce  a  very  faint  light,  and  thefe  lafi: 
which  are  refledled  by  meeting  again  the  furface 
of  the  atmofphere,  go  out  of  it  alfo ;  except  fome 
which  refledling  themfelves  again  within  the  atmo¬ 
fphere,  go  to  meet  its  furface  in  a  place  w^hich 
may  be  feen  from  the  earth,  which  produces  in 
that  place  the  appearance  of  the  twilight.  It  is 
eafy  to  judge  that  thefe  few  rays  which  fhould 

VoL.  IV.  N^.  42.  P  p  touch 
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touch  the  atmofpherc  after  feveral  reflexions,  and 
fhould  be  aimoft  all  gone  out  of  the  atmofphere, 
as  he  himfelf  faid,  could  not  make  imprcflion  up¬ 
on  the  fight,  and  chiefly  meeting  only  the  furface 
of  the  air,  which  is  a  very  rare  body,  altho’  he 
fuppofes  it  homogeneous  like  water. 

He  afterwards  runs  out  into  a  great  length  to 
prove  by  fome  calculation  which  he  makes,  the 
neceflity  of  the  matter  which  he  has  imagined 
about  the  fun,  which  muft  produce  the  curvity  of 
the  twilight ;  but  all  this  is  of  no  fervice,  and  is 
intirely  ufelefs  for  this  phasnomenon,  as  I  have 
before  demonftrated. 

I  have  already  explained  why  we  cannot  di- 
ftinguifh  exaXly  the  bounds  of  the  twilight,  when 
it  is  pretty  much  elevated  above  the  horizon  ; 
and  even  when  it  is  yet  toward  the  horizon,  it 
very  often  happens  alfo  that  we  cannot  fee  it  well 
terminated;  for  if  the  firfl;  rays  of  the  fun  which 
form  it,  as  dl  in  the  firfl:  figure,  pafs  through 
thick  clouds,  or  vapours,  which  are  upon  the  fur- 
face  of  the  earth  toward  I,  they  will  be  turned 
from  one  fide  to  the  other,  and  do  not  make  in 
P  a  light  ftrong  enough  to  fee  there  diflinXly  the 
term  of  the  crepufculum^  and  this  commonly  hap¬ 
pens.  For  towards  the  morning,  where  the  fun 
beginning  to  inlighten  fucceflively  the  furface  of 
the  «arth,  a  great  many  vapours  arife ;  and  to¬ 
wards  evening,  thofe  which  had  rifen  in  the  day 
time,  fall  upon  it  again  by  the  abfence  of  the  fun 
which  forfakes  them  ;  it  will  not  be  the  fame  thing 
if  the  air  is  very  cold,  and  without  clouds,  it  is 
alfo  that  time  alone  when  the  twilight  is  well  ter¬ 
minated  in  its  beginning,  or  in  its  end.  We  mufl 
alfo  add  to  this,  that  toward  the  beginning  of 
twilight,  the  eye  which  is  at  T,  fees  the  particles 
of  air,  w'hich  are  enlightened  very  near  one  an¬ 
other 
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other,  which  caufes  a  much  livelier  appearance  of 
light,  than  when  it  is  raifed  above  the  horizon, 
where  we  only  fee  thefe  enlightened  particles  very 
much  feparated,  which  cannot  ftrike  the  eye  ftrong 
enough  to  diftinguifh  the  term  of  the  crepufculutn, 
and  much  lefs  when  the  enlightened  particles  are 
toward  the  zenith  Z. 

In  fine,  if  it  is  not  granted  that  the  beginning 
or  end  of  the  twilight  appears  when  the  fun  is 
yet  18®  below  the  horizon,  and  that  it  was  at 
17®  or  19^,  we  mud  only  increafe  or  diminifh 
the  height  of  the  atmofphere,  as  I  have  juft  found 
it  about  2000  toifes  for  each  degree. 

Nor  do  I  pretend  that  the  height  of  the  atmo¬ 
fphere  which  I  have  fuppofed,  muft  be  the  fame 
over  all  the  earth  as  toward  the  equator,  or  to¬ 
wards  the  poles  5  but  that  depends  upon  obferva- 
tions  which  might  be  made  in  thofe  countries ;  and 
I  am  even  perfuaded  that  in  the  countries  towards 
the  poles,  the  height  of  the  atmofphere  is  much 
greater  than  in  thefe,  or  I  believe  greater  than  to¬ 
ward  the  equator  ;  but  towards  the  poles  the  ob- 
fervations  of  it  may  be  very  well  determined,  be- 
caufe  of  the  great  cold  and  clearnefs  of  the  air, 
which  reigns  there  in  winter. 

Here  is  an  obfervation  which  will  ferve  to  con¬ 
firm  the  height  of  the  atmofphere  as  I  have  juft 
determined  it.  In  1676  there  appeared  in  fome 
parts  of  Italyy  a  meteor,  which  was  as  bright  as 
the  full  moon.  M.  Montanariy  profeflbr  at  Bo^ 
loniay  made  fome  obfervations  on  it,  and  having 
compared  them  with  thofe  which  had  been  made 
in  other  places,  he  determined  the  height  of  this 
meteor  to  be  15  mean  leagues  of  Franccy  which 
he  printed  in  a  fmall  work,  intitled  Ficimma  vo^ 
lante. 


2gz  T'he  History  and  Memoirs  of  ibe 

We  cannot  doubt  but  that  all  thefe  fires  or  me¬ 
teors  are  formed  by  fulphureous  exhalations  which 
come’out  of  the  earth, and  becoming  inflamed, weigh 
much  Jefs  than  the  particles  of  air  of  which  they 
occupy  the  place ;  but  let  them  be  ever  fo  light, 
they  are  neverthelefs  heavier  than  the  other  which 
we  confider  as  without  any  weight.  For  this  rea- 
fon  they  muft  raife  themfelves  jufl  upon  the  fur- 
face  of  the  atmofphere,  where  they  float  as  long 
as  they  lafl: ;  thus  the  height  of  thefe  fires  muft  be 
the  fame  with  that  of  the  atmofphere,  and  confe- 
quently  the  15  leagues  of  height  obferved  of  this, 
which  comes  to  35,000  toifes,  confirms  what  I 
have  found  for  the  height  of  the  atmofphere. 

IV.  Of  the  figure  of  the  earthy  by  M,  Caffini. 

We  fhall  not  here  undertake  to  relate  the  various 
opinions  which  have  divided  philofophers  con¬ 
cerning  the  figure  of  the  earth. 

We  cannot  imagine  any  figure  which  they  have 
not  attributed  to  it ;  for  not  to  mention  thole  who 
believed  it  to  be  like  a  column,  a  drum,  a  cone, 
or  a  tree,  the  root  of  which  was  infinitely  extend¬ 
ed  ;  fome  have  judged  it  to  be  flat  without  ad¬ 
mitting  any  other  inequality  in  it,  than  what  is 
caufed  by  the  mountains. 

Others  being  afraid  lead  the  waters  of  the  fea 
fhould  run  out  if  they  were  not  reftrained  by  Ibme 
bounds,  gave  it  the  figure  of  a  concave  hemi- 
fphere. 

L«aftly,  others  confidering  that  the  tops  of  the 
towers,  and  high  mountains  were  perceived  at  a 
diftance,  while  their  bafes  were  concealed  below 
the  horizon  *,  that  thofe  who  were  in  the  moft  ele¬ 
vated  places  faw  the  fun  rife  earlier,  and  fet  later, 
than  thofe  who  were  in  the  lowed  places ;  that  the 

fliadow 
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fhadow  of  the  earth  appeared  in  the  eclipfes  of 
the  moon  to  have  a  circular  figure  ;  and  that  thofe 
who  travelled  from  north  to  fouth,  faw  the  fouth- 
ern  ftars  rife  above  the  horizon,  whilft  the  north¬ 
ern  ftars  were  depreffed, judged  it  to  be  fpherical. 

This  opinion  which  was  founded  upon  folid 
reafons,  was  almoft  generally  received  by  thofe 
who  undertook  before  us  to  determine  the  mag¬ 
nitude  of  the  earth  by  geometrical  operations. 
They  made  ufe  of  the  meafure  of  a  fmall  por¬ 
tion  of  its  circumference,  to  conclude  by  that  its 
whole  extent,  by  fiippofing  that  all  the  degrees 
of  the  meridians  of  the  earth  were  equal  among 
themfelves  ;  and  that  the  lines  perpendicular  to 
the  horizon,  which  pafs  through  the  zenith,  and 
meafure  the  degrees  in  the  heavens,  were  directed 
towards  the  fame  point,  which  they  judged  to  be 
the  centre  of  the  earth. 

Several  great  geometricians  of  our  time  have 
abandoned  this  hypothecs  of  the  fphericalnefs  of 
the  earth.  Sir  Ifaac  Newton  in  his  Fhilofophia 
Naturalis  principia  Mathematical  having  confi- 
dered  that  the  force  which  he  calls  centrifugal,  and 
which  refults  from  the  daily  motion  of  the  earth, 
muft  raife  at  the  equator  thofe  parts  which  endea¬ 
vour  to  recede  from  the  axis  of  the  earth  ;  judged 
that  it  muft  be  deprefled  toward  the  poles,  and  he 
found  according  to  his  principles,  that  fuppofing 
the  earth  to  be  of  an  uniform  matter,  as  denfe  at 
its  circumference  as  towards  its  centre,  the  diame¬ 
ter  of  the  equator  j  muft  be  to  the  diameter  which 
pafTes  through  the  poles  as  692  to  689. 

M.  Huygens^  in  his  difcourfe  of  the  caufe  of  gra¬ 
vity,  having  confidered  that  at  Cayenne^  which  is 
only  4  or  5  degrees  diftant  from  the  equator,  a 
pendulum  which  fwings  feconds  is  fhorter  there 
than  at  Paris  by  a  line  and  from  whence  it 

fol- 
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follows,  that  if  we  take  pendulums  of  equal  length, 
that  of  Cayenne  makes  the  vibrations  a  little  flow¬ 
er  than  that  of  Paris :  judged  that  the  caufe  of  this 
phoenomenon  could  be  referred  only  to  the  daily 
motion  of  the  earth,  which  being  greater  in  each 
country,  according  as  it  approaches  nearer  the  e- 
quinoftial  line,  muft  produce  a  proportionable 
effort  to  rejeft  the  bodies  from  the  centre,  and  con- 
.  fequently  take  from  them  a  certain  part  of  their 
gravity.  He  adds,  that  this  effort  which  refults 
from  the  circular  motion  of  the  earth,  muft  make 
a  plummet,  fufpended  to  a  cord,  vary  from  the 
perpendicularity  ;  and  as  the  furface  of  all  liquids 
is  fo  difpofed,  that  the  line  of  fufpenfion  is  per¬ 
pendicular  to  it,  becaufe  otherwife  it  might  de¬ 
scend  more,  it  follows,  that  the  fea  has  the  figure 
of  a  fpheroid,  and  that  the  earth  muft  have  con¬ 
formed  itfelf  to  it,  when  it  was  coile6ted  by  the 
cffecl  of  gravity.  Upon  thefe  principles  he  ad¬ 
vances  as  a  paradox,  that  the  earth  is  not  perfedtly 
fpherical,  but  of  the  figure  of  a  fphere  flatted  to¬ 
wards  the  poles,  nearly  fuch  as  an  ellipfis  would 
make  by  turning  about  its  leflfer  axis  ;  and  he 
concludes,  that  the  diameter  of  the  equator  ex¬ 
ceeds  the  axis  of  the  earth  by  whereas  accord¬ 
ing  to  Sir  Ifaac  Newton^  this  excels  is  but  ~  of 
the  diameter  of  the  equator. 

But  M.  Einfenfchmid^  a  celebrated  mathemati¬ 
cian  of  Strasburg^  having  examined  the  magni¬ 
tude  of  the  degree,  which  refulted  from  feveral 
dimenfions,  made  under  different  parallels  by  va¬ 
rious  mathematicians,  found  that  the  magnitude 
of  the  degree  of  the  earth,  drawn  from  the  mea- 
fures  of  Snellius  made  in  Holland^  v/2ls  fmaller 
than  that  which  M.  Picard  had  determined  by  his 
obfervations  made  in  France,  which  is  more  fouth- 
ward  *,  that  the  magnitude  of  the  degree,  which 

refults 
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refults  from  the  meafures  of  M.  Picardy  made  in 
the  neighbourhood  of  Paris^  was  fmallerthan  that 
which  F.  Riccioli  found  at  Bolonia^  which  is  more 
fouthern  than  Paris  ;  and  that  this  was  yet  fmaller 
than  the  magnitude  of  the  degree,  which  had 
been  formerly  determined  by  EraiofteneSy  between 
the  city  of  Alexandria  and  that  of  Sjene^  which 
was  under  the  tropic  of  Cancer  *,  this  in  quailty 
of  degrees,  which  increafed  in  magnitude,  as  they 
approached  the  equinoctial  line,  made  him  judge 
that  the  earth  was  not  fpherical,  but  had  the  figure 
of  a  fpheroid  prolonged  tov/ard  the  poles,  the  me¬ 
ridians  of  which  are  reprefented  by  ellipfes,  and 
the  equator  and  parallels  by  circles. 

He  determines  upon  this  foundation  the  ine¬ 
quality  of  the  degrees  of  the  meridian  of  the  cir¬ 
cumference  of  the  earth  ;  but  he  owns  that  it 
were  to  be  wiflied,  that  fome  of  thefe  obfervations 
were  again  made  near  the  pole,  and  the  equator;  to 
determine  more  exaCtly  and  with  more  certainty 
the  figure  and  fize  of  the  earth  ;  and  that  the  me¬ 
ridian  line,  which  ought  to  be  drawn  through  the 
royal  obfervatory  on  each  fide,  to  the  confines  of 
the  kingdom,  would  be  of  very  great  importance 
for  the  deciding  this  queftion. 

In  his  P'reaiife  of  the  figure  of  the  earthy  he  re¬ 
lates  alfo  the  opinions  of  feveral  authors,  who,  as 
well  as  he,  have  judged  that  the  earth  was  pro¬ 
longed  towards  the  pole  ;  and  he  recites  among  o- 
thers.  Dr.  Burnety  who  confidering  that  by  the 
daily  revolution  of  the  earth,  the  mafs  of  water 
receives  a  greater  degree  of  velocity  toward  the 
equator,  than  towards  the  poles,  where  it  deferibes 
fmaller  circles  ;  the  parts  of  water  which  ‘are 
moft  agitated,  make  an  effort  to  remove  from 
the  centre  of  their  motion,  and  cannot  raife  them- 
felves,  becaufe  of  the  air  whioJi  furroiinds  them  on 

all 
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all  fides  and  refifts  them  ;  fo  that  they  are  obliged 
to  flow  on  both  Tides  to  put  themfelves  in  equili- 
brio ;  for,  adds  he,  the  waters  which  find  any  ob- 
ftacle,  flow  on  the  fide  where  they  find  a  pafTage, 
and  where  their  motion  is  mofl:  free,  fo  that  by 
the  diminution  of  the  waters  of  the  Tea,  which 
are  toward  the  equator,  the  globe  of  water 
is  a  little  prolonged  towards  the  'poles,  and 
the  cruft  of  earth  which  is  formed  upon  it,  muft 
take  the  fame  figure. 

In  this  diverfity  of  opinions  concerning  the  fi¬ 
gure  of  the  earth,  we  have  thought  it  neceffary  to 
examine  what  that  is  which  refults  from  the  ob- 
fervations  which  we  have  made  in  the  fouthern 
part  of  France^  compared  with  thofe  that  M.  Ft- 
card  had  made  in  more  northern  places. 

M.  Picard^s  meafure  of  the  earth  extends  from 
the  parallel  of  Amiens^  which  is  49^'  54'  46''  to 
the  parallel  of  Mahoifine^  which  is  48®  31'  48", 
and  in  this  fpace,  which  is  about  i  degree  and 

the  magnitude  of  the  degree  of  a  meridian  a- 
mounts  to  57060  toifes. 

Our  meafures  begin  at  the  royal  obfervatory  of 
Paris^  which  is  under  the  parallel  of  48050^  lo"', 
and  end  at  Collioure^  which  is  toward  the  fouth¬ 
ern  extremity  of  France^  under  the  parallel  of 
42°  31'  13''.  In  this  extent,  which  is  6^  18'  57  ', 
we  have  found  the  magnitude  of  each  degree  one 
with  another  57100  toifes.  Thus  if  we  fuppofe 
M.  Picardh  obfervations  and  ours  to  be  exadt  in 
all  their  circumftances, the  refult  is  that  the  degrees, 
which  are  toward  the  north,  are  lefs  than  thofe 
which  are  toward  the  fouth;  and  that  confequently 
the  figure  of  a  meridian  of  the  earth,  muft  be  fuch 
that  the  degrees  fhould  encreafe  the  more  they  ap¬ 
proach  the  equator,  and  diminifli  on  the  contrary 
in  going  toward  the  poles ;  which  is  the  property 
I  of 
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of  an  ellipfis,  the  great  diameter  of  which  repre- 
fents  the  axis  of  the  earth,  and  the  lefler  diameter 
that  of  the  equator,  as  will  be  demonftrated  here¬ 
after. 

This  ellipfis  turning  about  its  great  axis,  forms 
by  its  revolution  a  fpheroid,  of  which  the  poles 
are  at  the  extremities  of  the  great  axis,  and  the  e- 
quator  and  parallels  are  reprefented  by  circles. 
This  figure  is  what  we  attribute  to  the  earth,  and 
we  ftiall  give  according  to  this  hypothefis,  a  very 
fimple  method  to  divide  the  ellipfes,  which  repre- 
fent  the  meridians  of  the  earth  divided  into  degrees 
and  minutes,  and  determine  the  inequality  of  thefe 
degrees,  which  are  terminated  in  the  heavens  by 
perpendiculars  to  the  horizon,  which  pafs  through 
the  zenith,  and  cut  all  of  them  the  axis  of  the  earth 
in  different  points.  Let  *  BDCR  be  an  ellipfis 
which  reprefents  a  meridian  of  the  earth,  of  which 
let  the  poles  B  and  C  be  at  the  extremity  of  the  great 
axis  BC,  and  let  the  foci  E  and  F  be  taken  at  dif- 
cretion. 

We  would  divide  this  ellipfis  into  degrees,  that 
is,  find  feveral  points  H,  I,  V,  fuch,  that  the  di- 
ftance  from  the  pole  to  the  zenith  of  each  of  thefe 
points  be  a  certain  number  of  given  degrees,  fuch 
as  we  pleafe. 

Let  there  be  drawn  from  one  of  the  foci  of  the 
ellipfis  E,  the  line  ET,  which  makes,  with  the 
axis  BC,  an  angle  BET,  equal  to  the  diftance 
given  from  the  pole  to  the  zenith.  Let  there  be 
taken  with  a  pair  of  compafles,  a  fpace  equal  to 
the  axis  B  C  *,  and  from  the  other  focus  F,  as  a 
centre,  let  there  be  deferibed  at  this  interval,  an 
arch  of  a  circle,  which  cuts  in  T  the  line  ET  ;  I 

^  *  Plate  VI.  Fig,  5. 

VoL.  IV.  N?  42.  Qji  fay. 
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fliy,  that  the  line  FT,  drawn  from'thepoint  T  to 
the  focus  F,  will  cut  the  ellipfis  at  the  point  H, 
which  is  fuch,  that  the  diftance  from  the  pole  to 
the  zenith  of  this  place,  will  be  of  the  number  of 
degrees  given. 

Demonftration, 

From  the  point  H  let  there  be  raifed  HZ,  per¬ 
pendicular  to  the  ellipfis,  which  .pafTes  through 
the  zenith  z,  and  being  prolonged  oh  the  infide, 
meets  the  axis  of  the  earth  in  O,  and  divides  by 
the  property  of  the  ellipfis,  the  angle  EHF  in  two 
equal  parts.  Let  there  be  alfo  drawn  from  the 
point  H,  HP  parallel  to  the  axis  BC,  -and  di- 
redled  to  the  pole  P,  which  we  fuppofe  at  an  in¬ 
finite  diilance.  The  angle  PFIZ  or  POZ,  mea- 
fures  the  diftance  from  the  pole  to  the  zenith  of. 
an  inhabitant,  who  ftiould  be  upon  the  eaith  at  the 
point  FI. 

By  the  conftrudlion,  F  T  is  equal  to  the  axis 
BC  ;  but  BC  by  the -property  of  the  ellipfis,  is 
equal  to  EFI,  plus  FIF  *,  taking  away  the  Com¬ 
mon  FH,  we  (hall  have  'EH  equal  to  TFT. 
The  angles  ETFI,  TEH,  will  therefore  be  equal, 
and  confequently  each  half  of  the  External  an¬ 
gle  EHF  ;  but  the  angle  EHO  is  alfo  equal  to 
half  the  angle  EHF  ;  the  angles  TEH,  EHO, 
will  therefore  be  equal  between  themfelves,  and 
confequently  the  lines  ET,  HO,  will  be  parallel 
between  themfelves,  and  the  angle  POZ,  which 
meafures  the  diftance  from  the  pole  to  the  zenith, 
from  the  point  H,  will  be  equal  fo  the  angle 
BET,  which,  by  the  conftrudlion,  was  made  e- 
qual  to  the  diftance  given  from  the  pole  to 
the  zenith.  C^E.  D. 

Now 


Royal  Academy  ^/Sciences.  2gg 

,  Now  if  we  fuppofe  the  proportion  of  the  grea 
diameter  of  the  ellipfis  BC,  to  the  diftance  EF  be¬ 
tween  the  fociy  fdch  as  we  pleafe,  we  may  deter¬ 
mine  by  calculation  all  the  points  of  the  ellipfis 
as  H,  v’J^ich  terminate  the  degrees,  making  as 
FT  or  iBC  is  to  EF  *,  fo  is  the  Jlne  of  the  angle 
PET,  the  given  diftance  from  the  pole  to  the 
zenith,  to  the  fine  of  the  angle  ETF  or  TEH, 
the  value  of  which  will  confequently  be  known. 
This  angle  TEH  being  added  to  the  angle  PET, 
the  given  diftance  from  the  pole  to  the  zenith 
from  the  point  H,  gives  the  value  of  the  angle 
BEH  ;  that  the  line  drawn  from  the  focus  to  the 
fought  point  H,  makes  with  the  axis  of  the  ellipfis. 

Now  in  the  triangle  EHF,  of  which  the  fide 
EF  is  known,  as  well  as  the  angle  EHF,  which 
is  double  of  the  angle  TEH,  and  the  angle  FEH 
fupplement  of  the  angle  BEH  ;  we  lhall  have  the 
value  of  the  fide  EH  known  in  parts  of  the  axis 
BC. 

By  the  fame  method  we  fhall  find  the  angles 
BEI,  BEV,  and  the  value  of  the  lines  El, 
EV,  for  the  diftance  from  the  pole  to  the  zenith, 
of  all  the  degrees  of  the  circumference  of  the 
earth  ;  and  in  the  rectilineal  triangles  HEI,.  lEV, 
of  which  the  fides  HE,  El,  EV  are  known  as 
well  as  the  angles  contained  between  the  fides 
HEI,  lEV,  which  are  the  difference  between 
the  angles  BEH,  BEI,  BEV  determined  here  a« 
bove,  we  ffiall  know  the  value  of  the  chords  HI, 
IV, ,  contained  betw^een  each  degree. 

We  ff:iall  therefore  have  the  exaft  proportion 
of  the  chords  of  each  degree  of  the  circumfe¬ 
rence  of  the  earth  in  the  elliptical  hypothefis.  And 
as  the  proportion  of  thefe  cords  between  them- 
felves  is  not  fenfibly  different  from  the  propor- 

Q^q  2  tion 
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tion  between  the  arches  of  the  ellipfes  which  they 
fubtend,  we  fhall  have  at  the  fame  time  the  pro¬ 
portion  between  the  degrees  of  the  circumference 
of  the  earth  at  any  diftance  from  the  pole,  fuppo- 
fing  the  excentricity  of  the  earth  to  be  ul  a  cer¬ 
tain  quantity. 

For  a  greater  exa6lners  we  might  calculate  the 
proportion  between  the  chords  of  the  halves  and 
quarters  of  a  degree  of  the  circumference  of  the 
earth,  that  the  difference  which  might  be  between 
the  proportion  of  the  arches  and  that  of  the  chords, 
was  lefs  fenfible  ;  but  if  we  confider  that  the  ex- 
cefs  of  the  arch  of  a  degree  upon  the  chord  which 
fubtends  it,  is  only  about  4  feet  ;  it  is  eafy  to 
judge,  that  the  difference  between  the  proportion 
of  the  chords  of  each  degree,  and  that  of  the 
arches  of  the  ellipfes  which  they  fubtend,  is  abfo- 
lutely  infenfible ;  add  to  this,  that  the  meafures 
which  we  have  ufed  for  determining  the  magni¬ 
tude  of  the  earth,  have  been  made  according  to 
right  lines,  and  not  according  to  the  curvity  of 
the  circumference  of  the  earth. 

Having  applied  the  method  juft  explained, 
to  the  figure  of  the  earth,  which  we  at  firft  fup- 
pofed  to  be  like  the  orb  of  the  moon  in  the  el¬ 
liptical  hypothefis,  and  of  which  the  diftance  be¬ 
tween  the  /tpci,  is,  according  to  the  modern  aftro- 
nomers,  about  ~  of  the  great  diameter ;  we  have 
found  that  according  to  this  hypothefis,  the  degrees 
increafe  in  magnitude,  in  receding  from  the  pole 
and  approaching  to  the  equator,  agreeable  to  our 
obfervations,  but  that  this  augmentation  from  one 
degree  to  another,  at  the  diftance  from  the.  pole 
of  40  degrees,  was  but  two  toifes  and  4  feet, 
which  is  too  little  to  reprefent  the  inequality  of  the 

degrees, 
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degrees,  which  refults  from  the  comparifon  of  our 
obfervations  with  that  of  M.  Picard^s. 

We  have  therefore  been  obliged  to  fuppofe  the 
excentricity  of  the  earth  greater,  and  we  have 
found,  that  by  eftablifliing  the  diftance  between 
the  foci  of  the  ellipfis,  which  reprefents  a  meri¬ 
dian  of  the  earth,  double  to  that  which  is  attri¬ 
buted  to  the  orb  of  the  moon  ;  fo  that:  this  dif¬ 
tance  may  be  to  the  great  diameter  of  the  earth, 
as  8,724  to  100,000,  that  is  pretty  near  as  i  to 
II.  This  ellipfis  perfedlly  reprefents  the  figure 
of  a  meridian  of  the  earth,  foch  as  refults  from 
our  obfervations  compared  to  thofe  of  M.  Picard. 

We  find  for  example,  that  the  degree  contain¬ 
ed  between  the  parallels  of  49  and  50  degrees, 
being  57,060  toifes,  according  as  it  has  been  de¬ 
termined  in  the  meafure  of  the  earth  ;  that  which 
is  between  the  parallels  of  50  and  5 1  degrees,  is 
57,071  toifes,  and  2  feet,  greater  than  the  pre¬ 
ceding  by  1 1  toifes,  2  feet,  and  that  the  fum 
of  fix  degrees  contained  between  the  parallels  of 
the  places  which  we  have  determined  the  diftance 
of,  is  342,600  toifes,  which  gives  the  magnitude 
of  thefe  degrees,  one  with  another,  57,100  toifes, 
as  we  have  obferved. 

We  alfo  find,  that  according  to  the  hypothefisof 
the  elliptic  earth,  the  fmalleft  inequality  from  one 
degree  to  another,  is  toward  the  poles,  and  the 
equator  where  it  is  only  two  or  three  feet.  This 
inequality  in  the  degrees  increafes  afterwards 
on  both  fides  to  the  parallel  of  45  degrees  where 
it  is  the  greateft  that  is  poflible,  and  which  we 
have  calculated  to  be  about  1 1  |  toifes. 

It  follows  from  hence,  that  the  moft  conveni¬ 
ent  places  to  know  if  there  be  any  inequality  in 

the 
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degrees  of  a  meridian  of  the  earth,  are  con* 
tained  between  the  parallels  of  40  and  50  degrees, 
which  are  exaftly  thofe  which  we  have  determirved 
by  our  obfervations.  This  inequality  in  the  de¬ 
grees  muft  be  obferved  toward  the  parallel  of  45 
degrees,  even  tho’  we  fhould  fuppofc  the  earth  to 
be  depreffed'  toward  the  poles;  with  the  diffe¬ 
rence  that  the  degrees  diminifh  in  magnitude  in 
approaching  the  equator,  which  is  contrary  to, 
Oi;r  obferyations. 

By  continuing  this  inquiry,  we  find  the  mag¬ 
nitude  of  a  degree  of  a  meridian  toward  the 
pole  to  be  56,785  toifes  and  and  that  of  a  de¬ 
gree  near  the  equator  57,440  toifes,  fo  that  from 
the  greateft  to  the  leail  degree  of  the  earth,  there 
is  655  toifes  difference. 

Taking  the  fum  of  all  the  degrees  of  a  meri¬ 
dian,  we  fhall  have  its  circumference  of 
20,560,295  toifes,  only  4,295  toifes  greater 
than  the  circumference  of  the  earth  would  be 
fuppofing  it  fpherical,  when  the  magnitude  of 
the  degree  is  57,100  toifes. 

With  regard  to  the  axis  of  the  earth,  we  fhall 
find  it  6,557,040  toifes  greater  than  in  the  fphe¬ 
rical  hypothefis  by  13,856  toifes,  or  about  feven 
of  our  leagues.  We  fhall  have  alfo  the  diftance 
between  the  i^o  foci  of  the  earth  286,018  toifes, 
or  443  leagues;  and  in  the  redlangular  triangle 
DAE,  of  which  the  fide  AE,  the  half  of  the  in¬ 
terval  between  the  two  foci^  is  known  as  well  as 
the  hypothenufe  ED,  which  by  the  property  of 
ellipfcs,  is  equal  to  half  the  great  diameter  BC, 
we  fhall  find  AD  to  be  3,266,020  toifes,  of 
which  the  double  DR,  the  diameter  of  the  equa¬ 
tor  will  be  6,532,040  lefs  than  the  axis  BC,  by 
25,000  toifes,  or  12  or  13  of  our  leagues. 
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The' difference  between  the  axis  of  the  earth j 
and  the  diameter  of  the  equator,  will  therefore 
be  the  252  of  this'iiiameter,  ‘gfeater'by  half ^ than 
what  M.  Huygens  has  (determined,  Ynd’^pretty 
hear  the  fame  with  Sir  Ifaac  Newldn%  biit  con¬ 
trary  ways.  _  ,  . 

The  diameter ‘of  the  equator  being  known, 
we  fhall  have  its  circumfef^ce ‘of  '20,52  i^oob 
toifes,  which  gives  the  magnitude  of  the  de¬ 
grees  of  the  equator  which  in  this  hypothefis  are 
equal  between  themfelves,  of  57,003  toifes  alrnofl: 
the  fame  with  that  of  the  meridian  which  is  36 
degrees  diftance  from  the  pole. 

Taking  the  difference  between  the  circumfe¬ 
rence  of  a  meridian  which  we  have  found  to  be 
20,560,295  toifes,  and  that  of  the  equator  which 
is  20,521,006  toifes,  we  fhall  have  39,289  toifes, 
or  about  20  leagues,  by  which  the  circuit  of  the 
earth  about  one  of  thefe  meridians,  exceeds  its 
circuit  about  the  equino(5lial. 

According  to  thefe  principles  we  might  deter¬ 
mine  in  toifes,  or  leagues,  the  diameter  and  cir¬ 
cumference  of  each  parallel;  for  in  the  redtan- 
gular  triangle  ELH,  the  angle  LEH,  and  the 
hypothenufe  EH,  being  known,  we  fhall  find 
the  value  of  the  fide  LH  femi-diameter  of  the 
parallel  which  paffes  thro’  the  point  H,  the  lati¬ 
tude  of  which  is  known. 

The  magnitude  of  the  meridians  and  parallels 
of  the  earth  being  thus  determined  with  regard 
to  our  obfervations,  they  may  be  ufed  in  the 
conftrudlion^of  terreflrial  globes,  and  geographi¬ 
cal  maps. 

To  facilitate  the  defeription  thereof,  we  have 
drawn  up  a  table,  in  which  is  marked  in  toifes, 

and 
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and  feet,  the  magnitude  of  all  the  degrees  of  the 
meridians  from  the  poles  to  the  equator. 

This  table  will  ferve  to  compare  not  only 
the  obfervations  which  have  already  been  made 
at  different  diftances  from  the  pole  to  deter¬ 
mine  the  magnitude  of  the  earth ;  but  alfo  thofe 
which  may  hereafter  be  made  with  the  fame  defiga 
'  under  feveral  other  parallels. 
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*  • 

\a  l^ABLE  of  the  degrees  of  the  ineridians  of  the 
'  earth. 
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V.  Experiments  and  rejledlions  upon  the  pro¬ 
digious  dudlility  of  J ever al  bodies^  by  M, 
de  Reaumur  \  tranfated  by  Mr.  Cham¬ 
bers. 

'  Art  has  its  wonders  as  well  as  nature,  and  the 
reafon  why  we  do  not  perceive  them  is,  that 
they  are -always  before  our  eyes.  It  is  enough 
for  us  to  fupply  our  wants,  or  our  luxury,  with¬ 
out  enquiring  into  the  artifice  we  are  beholden  to 

for  it. - Of  this  we  have  an  inftance  in  the 

wier-drawer’s  art:  the  perfon  that  wears  lace  or 
embroidery,  feldom  confiders  the  formation  of 
thofe  wonderful  threads,  but  a  few  philofophers 
have  examined  them,  and  have  drawn  excellent 
proofs  from  them  of  the  prodigious  divifibility  of 
matter  which  they  might  have  carried  ftill  further, 
if  they  had  been  acquainted  with  the  full  effedt 
of  the  wier-drawer*s  art.  They  have  even  at¬ 
tempted  to  account  for  this  extreme  dudlility  of 
metals,  though  one  of  the  greatefl  fecrets  in  na¬ 
ture,  as  depending  on  that  very  obfeure  property 
hardnefs,  and  having  its  obfeure  difficulties  be- 
fides. 

As  to  the  philofophy  of  dueffility,  we  have 
little  to  offer  more  than  has  already  been  done, 
but  as  to  the  management  and  application  of  it  by 
arr,  we  are  in  a  condition  to  difeover  feveral 
things,  accordingly,  having  had  occafion  to  make 
feveral  experiments  on  this  head  *,  we  ffiall  here 
produce  them,  and  examine  the  effedls  of  dudli- 
lity  in  very  different  bodies.  It  will  afford  no  dif- 
agreeable  fpedlacle  to  fee  colledted,  as  into  one 
point  of  view,  all  that  is  remarkable  on  a  fubjedt 

wherein 
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wherein  art  and  nature  feem  to  flrive  which  fhall 
furnifh  moft  curiofities. 

Dudlile  bodies  are  thofe,  which  when  beat, 
prefled,  or  drawn,  flretch  without  breaking  one 
way,  almofl:  what  they  loofe  in  another:  fuch 
are  metals,  which,  by  hammering,  gain  in 
length  and  breadth,  what  they  Joofc  in  thicknefs, 
or  by  being  drawn  thro’  a  wier-drawcr’s  iron,  be¬ 
come  longer  in  proportion,  as  their  thicknefs  is 
iefsj  we  have  alfo  another  kind  of  bodies,  which 
tho’  not  malleable  like  metals,  may  yet  be  ac¬ 
counted  ductile,  as  glue,  gums,  refins,  and  all  bo¬ 
dies  which  being  foftened  by  water,  fire,  or 
any  other  diflTolvent,  will  draw  out  into  threads. 

■  Hence  dud:ile  bodies  may  be  divided 
into  2  claflfes,  the  firfl:  whereof  comprehends 
thofe  which  are  hard  and  malleable,  of  which 
we  fhall  treat  in  the  firfl  place ;  the  fecond  con- 
fifts  of  the  foft  bodies,  which  tho’  not  malleable, 
are  capable  of  being  drawn  out. 

The  common  method  of  extending  the  firfl 
kind  is,  by  beating  them  with  a  hammer :  thus 
it  is  the  artificers  in  gold,  filver,  copper,  and 
pewter,  reduce  malfes  of  thofe  metals  into  what 
figure  they  pleafe  ;  but  tho’  this  kind  of  manufac¬ 
ture  deferves  more  attention  than  is  commonly  be- 
fbowed  on  it,  we  fhall  not  dwell  thereon,  our  de- 
fign  being  only  to  confider  duefliile  bodies  with  re¬ 
gard  to  the  great  extenfion  they  are  capable  off. 

The  gold  beaters,  by  bare  means  of  a  hammer, 
reduce  that  metal  into  plates  inconceivably  thin: 
thus  it  is  they  prepare  thofe  leaves  commonly 
ufed  in  guilding,  which  all  come  from  a  thick 
ingot,  gradually  made  thinner  and  thinner,  till 
at  length  the  leaves  become  light  enough  to  be 
blown  away  by  the  flenderefl  puff:  to  learn  in 
fume  furer  way,  than  by  the  accounts  of  the 

R  r  2  work- 
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workmen,  to  which  Rohault  confided,  how 
far  gold  may  adlually  be  ftretched  in  this  method, 
I  took  a  quantity  ot  the  thinnefl:  leaves,  fuch  as 
thofe  in  their  common  books,  and  after  meafuring 
them  carefully,  weighed  them  in  a  fine  ballance, 
by  which  means  I  found,  that  a  grain  of  gold  was 
here  beaten  into  an  extent  of  36  fquare  inches  I, 
and  24  fquare  lines,  on  which  footing,  an  ounce 
of  gold,  which,  in  a  cubic  form  would  only  have 
meafured  5  lines  f,  either  in  breadth,  length,  or 
depth,  and  which  would  only  cover  a  furface  of 
about  27  fquare  lines,  when  ftretched  by  the 
gold-beater,  will  cover  upwards  of  146  fquare 
feet  i,  a  degree  of  extenfion  greater  by  almoft  I, 
than  they  were  able  to  give  leaf-gold  90  years 
ago.  It  was  looked  on  with  furprize  in  father 
Merfenneh  time,  that  an  ounce  of  gold  might  be 
m.ade  into  1600  leaves,  which  altogether,  only 
covered  105  fquare  feet. - It  would  be  te¬ 

dious  here  to  explain  how  the  art  arrived  at  its 
prefen t  perfedlion.  We  fhall  not  fo  much  as 
mention  the  ingenuity  of  the  operators,  who, 
from  bullocks  gutts  have  procured  that  delicate 
parchment  without  which  gold  could  not  be  re¬ 
duced  into  leaves  fo  thin. 

After  all,  how  confiderable  focver  the  exten¬ 
fion  of  gold  may  be  in  the  leaf,  it  will  appear 
but  a  fmall  matter,  when  compared  with  that 
which  the  gold  wier-drawers  give  it.  There  are 
fome  leaves  of  beaten  gold,  which  in  certain  pla¬ 
ces  are  not  of  a  line  thick  i  but  of  a 
line  is  a  confiderable  thicknefs,  when  Compared 
with  the  gold  which  covers  the  filver  wier,  com¬ 
monly  fpun  upon  filk. 

To  conceive  the  extent  to  which  gold  is  then 
ftretched,  and  how  prodigioufly  thin  it  muft  be, 
it  will  be  neceftary  to  have  a  general  idea  of  the 

gold- 


Royal  Academy  of  Sciences.  309 

gold-beater’s  art. - What  we  call  gold  wier,  e- 

very  body  knows  is  only  filver  wier  gilt,  and  is 
drawn  from  a  thick  bar  of  filver ;  they  take  fuch 
bar,  weighing  about  30/^.  and  rounding  it  into 
the  form  of  a  cylinder  or  roller,  about  1 5  lines  in 
diameter,  and  22  inches  long  ;  they  gild  it  with 
leaves  prepared  by  the  gold-beaters,  the  leaves 
however  employed  for  this  purpofe  are  thicker 
than  thofe  intended  for  common  gilding,  and 
they  frequently  apply  feveral,  one  over  another, 
but  tho’  the  layer  of  gold  be  here  thicker  than  in 
other  gildings,  yet  is  it  very  thin,  as  may  eafily  be 
inferred  from  the  quantity  of  gold  therein.  To  gild 
thefe  30  lb.  of  filver,  they  never  ufe  above  fix 
ounces  of  gold,  which  is  enough  even  to  make  a 
fuper-gilding  *,  but  the  common  proportion  is 
only  2  ounces  *,  and  they  frequently  fcarce  allow* 
one,  where  the  wier  is  to  be  but  {lightly  gilt,  as  in 
the  common  gold  wier  of  Lyons.  Upon  the  whole, 
the  layer  of  gold,  which  covers  the  ingot,  is  ne¬ 
ver  above  of  a  line  thick,  frequently  only  a 
30th  or  45th,  and  fometimes  barely  a  90th  part. 

Yet  how  much  thinner  muil  this  thin  layer  of 
gold  be  ftill  brought,  and  how  many  times  divi¬ 
ded  and  fubdivided  !  The  in  trot  icfelf  cover’d  with 
it,  muft  be  drawn  to  a  great  degree  of  finenefs,  e- 
qual,  or  even  fuperior  to  that  of  a  hair  ;  this  is 
done  by  paffing  it  fucceifively  thro’  feveral  holes, 
each  finer  than  the  other,  and  in  proportion  as  its 
diameter  is  reduced  by  the  flendernefs  of  the  hole, 
its  length  is  increafed,  and  confequently  its  fur- 
face  augmented,  yet  the  gold,  which  covers-  the 
filver  ingot,  ftill  continues  to  cover  it,  how  prodi- 
gioufiy  foever  extended,  nor  ever  leaves  the  fmal- 
left  point  bare.  Now  how  many  divifions  muft 
it  have  undergone,  when  the  ingot  is  reduced  into 
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a  thread,  whofe  diameter  is  9000  times  fmaller 
than  that  of  the  ingot. 

To  give  a  further  idea  of  the  prodigious  dufli- 
lity  of  gold,  I  weighed  |  a  drachm  of  the  fineft 
wier,  and  meafuring  it  with  care,  found  it  202 
feet,  confequently  the  ounce  of  wier  was  equal  to 
3232  feet,  and  the  pound,  or  12  ounces,  to 
38784  *,  the  ingot  therefore,  which  weighed  30/^. 
and  was  only  22  inches  long,  had  now  arrived  at 
die  length  of  1 163520  feet  *,  fo  that  reducing  the 
feet  into  fathoms,  and  taking  the  league  of  2000 
fathoms,  the  22  inches  length  will  be  found  ex¬ 
tended  into  96  leagues  and  196  fathoms,  an  ex- 
tenfion  vaftly  fupcrior  to  what  father  Merfenne 
and  Furetier  mention  ;  the  latter  of  thofe  gentle¬ 
men  obferves  after  the  former,  that  \  an  ounce  of 
wier  will  reach  100  fathoms  and  more  *,  this  more 
is  very  confiderabfe,  fince  100  fathoms,  for  |  an 
ounce,  would  only  be  1200  feet  for  an  ounce, 
whereas  we  have  found  it  3232  feet.  Rohault 
ajfo  comes  far  behind  us  in  the  extenfion  of 
gold. 

But  the  ingot,  tho’  reduced  into  fo  flender  a 
wier,  is  not  left  here,  but  remains  to  be  lengthened 
flill  further ;  the  greater  part  of  the  gold  wier  is 
ipun  upon  filk,  and  before  fpinning  mufl;  be  flat¬ 
ted,  by  pafling  it  between  2  wheels  of  polifhed 
fleel  ;  and  thefe  wheels  in  thus  flatting  it,  draw  it 
out  y  more,  fo  that  the  ingot  is  now  arrived  at  1 1 1 
leagues  long  ;  thefe  leaves  of  flatted  wire  are  very 
flender,  their  breadth  is  only  about  7  of  a  line, 
from  whence  it  follows,  that  their  thicknefs  is  only 
of  a  line,  as  appears  by  an  eafy  calculus.  For 
the  weight  of  a  cubic  foot  of  gold,  and  a  cubic 
foot  of  filver,  being  known  by  accurate  experi¬ 
ments  we  fuppofe  here  that  the  cubic  foot  of 
gold  weighs  21220  ounces,  and  the  cubic  foot  of 

filver 
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filver  1 1523,  wc  Ihall  not  ftand  to  fhew  the  me¬ 
thod  whereby  it  appears  that  thefe  filver  laminae 
are  only  ^  of  a  line  thick  :  but  inftead  thereof 
turn  our  eyes  upon  the  extream  thinnefsof  the  leaf 
gold  which  covers  them  ;  this  will  appear  truly 
amazing,  if  we  confider'the  fmall  quantity  of 
gold  applied  on  the  filver  ingot ;  fuppofe  2  ounces, 
as  we  have  fhewn  that  lefs  is  often  us’d  by  calcu¬ 
lation,  it  will  appear,  that  the  furface  cover’d  by 
thefe  two  ounces  of  gold,  is  2380  fquare  feet,  or 
that  an  ounce  of  gold  covers  1190  fquare  feet, 
whereas  the  gold  beaters  can  only  extend  it  to  146 
fquare  feet. 

Now  how  prodigioufly  thin  mud  the  gold  thus 
extended  be,  by  the  preceding  calculus,  we  fhall 
find  its  thicknefs  only  ^ —  of  a  line,  and  yet 
to  have  the  gold  which  covers  the  filver,  this 
Vysooo?  be  fuppofed  equally  thick 

in  every  part,  which  yet  is  contrary  to  all  expe¬ 
rience,  for  how  carefully  foever  the  leaf  gold  be 
beat,  ’iis  impoflible  not  to  leave  inequalities  in  it, 
kis  evident  from  their  greater  and  lefs  tranfparen- 
cy,  that  they  are  at  lead  twice  as  thick  in  fome 
places  than  in  others,  and  confequently  in  gilding 
the  ingot,  they  will  cover  it  very  unequally, ^ leav¬ 
ing  the  gold  thicker  by  half  in  certain  places  than 
in  others  ;  now  if  we  enquire,  the  thicknefs  of  the 
gold  in  thofe  parts  where  it  is  thinned,  it  will  be 
only  found  equal  to  the  262,500th  part  of  a 
line. 

Yet,  is  not  this  the  utmod  bound  to  which 
the  dudlility  of  gold  may  be  carried  ;  in  lieu  of  2 
ounces,  i  need  only  have  been  ufed,  in  which 
cafe,  the  gold  which  covers  the  filver  wire,  would 
only  have  been  in  fome  places  the  525,000th 
part  of  a  line;  but  what  is  more,  this  filver-wire 
for  all  its  thinnefs  might  be  made  thinner  by  j, 

I  yet 
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yet  ftill  remain  gilt.  All  required  hereto,  is  to 
fqueeze  it  clofer  between  the  wheels,  till  the  pro- 
pofed  extenfion  be  effeded,  and  the  wire  mea- 
fure  ^th  of  a  line  broad  ;  here  therefore  the  gold 
which  covers  them  will  be  reduced  to  the 
i,ooo,oooth  part  of  a  line  thick,  in  which  cafe, 
their  thicknefs  makes  a  lefs  part  of  a  line,  than  a 
line  does  of  1,200  fathoms. 

It  may  perhaps  be  furmized,  that  the  gold  is 
much  thicker  than  appears  by  this  calculus,  fincfe 
it  may  be  divided  into  little  feparate  grains,  yet 
placed  fo  near  each  other,  as  to  give  its  colour 
to  the  filvcr.  In  fine,  it  is  very  natural  to  fup- 
pofe,  that  the  gold  which  covered  the  flatted  wire 
does  not  form  a  continued  leaf  5  but  experience  . 
fhews  the  contrary  *,  for  upon  diflblving  fome  of 
the  gilt  threads  in  aqua  fortis,  how  fmall  or  thin 
foever  they  may  be  when  the  menftruum  has  had 
its  efFedf,  they  will  be  found  turned  into  fo  many 
fmall  hollow  tubes,  the  aqua  fortis  haying  eat  out 
the  filver,  but  left  the  gold  intire  ;  whence  it  ap¬ 
pears,  tha’t  the  gold  which  covered  the  filver, 
forms  one  continued  body  ;  and  corifcquently  we 
are  able  by  art  to  divide  a  piece  of  gold,  a  line 
thick,  into  a  million  different  leaves. 

The  art  of  extending  foft  bodies  has  not  yet 
been  carried  near  fo  far.  The  only  body  of  this 
kind  that  we  can  ftretch  any  thing  confiderably,  is 
glafs ;  and  it  will  appear  extreamly  furprifing  that 
a  fubftance,  which  of  all  others,  is  the  moft  brittle, 
and  ftubborn,  fliould  be  laid  down  as  the  firfl: 
among  foft  da<fl;ile  ones  ;  ’tis  known  indeed,  that 
when  fufed  by  the  fire,  the  workman  can  fafliion 
it  like  foft  wax  *,  but  what  is  moft  remarkable, 
and  nearliefl  concerns  our  prefent  fubje(fl;  is,  that 
it  may  be  drawn  out  into  threads  inconceivably 
(lender,  a  oommon  fpinner  does  not  form  her 

threads 
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threads  of  flax  or  hemp  with  half  fo  much  facility, 
as  a  glafs-man  will  make  threads  of  this  brittle 
matter. 

Few  people  but  have  feen  a  fort  of  plumes 
ufed  in  the  toppings  of  childrens  caps,  and  in 
other*brnaments,  which  ’tis  well  known,  are  no 
other  than  bunches  of  glafs  threads,  tho’  finer  than  ' 
any  hairs,  and  bending  like  them,  by  the  fmalleft 
breath  of  wind.  A  manufafture  lo  very  extra¬ 
ordinary,  would  doubtlefs  bear  a  very  high  price, 
were  it  not  fo  very  fimple,  .and  eafy  to  be  perform¬ 
ed  ;  it  employs  2  perfons  at  the  fame  time,  but 
fcarce  requires  any  Ikill  or  dexterity  in  either  of 
them. 

The  I  ft  holds  one  end  of  a  piece  of  glafs  over 
the  flame  of  a  lamp,  and  when  it  is  fufficiently 
foftened,  the  other  applying  one  end  of  a  glafs 
hook  thereto,  draws  it  away  again  without  fepa- 
rating  it  from  the  reft  of  the  mafs,  then  fitting 
this  hook  upon  the  circumference  of  a  vertical 
wheel,  about  2  feet  |  in  diameter,  not  unlike  a 
common  fpinning  wheel,  nothing  remains  but 
to  turn  it  about ;  for  in  proportion  as  it  turns,  it 
draws  part  of  the  melted  glafs  towards  it,  which 
part  ftill  adhering  to  thofe  before  and  after  them, 
form  a  thread  which  winds  round  the  rim  of  the 
wheel ;  each  revolution  lays  on  a  new  round  of 
thread,  till  at  length  the  circumference  of  the  wheel 
is  covered  as  it  were  with  a  skain  of  glafs  thread  ; 
the  melted  mafs  diminiftiing  apace,  and  winds 
out  like  a  clue  on  the  rim  of  a  wheel ;  the  parts 
as  they  recede  from  the  lamp,  grow  cool,  and 
ftick  fafter  to  each  other  *,  the  reft  which  are  near¬ 
er  the  fire  remaining  loofe  :  and  thus  continually 
obeying  the'attra6lion  of  the  former.  Nor  is  the 
workman  obliged  to  turn  his  wheel  flowly,  for 
fear  of  breaking  the  thread  ;  he  may  turn  as 
VoL.  IV.  N^42.  Sf  fwife 
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fwift,  and  difpatch  his  work  as  fall  as  he  pleafe’s, 
without  the  thread  breaking  at  all  the  oftener. 

The  threads  thus  formed,  are  not  uniformly 
round,  but  their  circumference  is  a  very  flat  oval, 
being  twice  or  thrice  broader  than  thick  ;  fome  of 
them  arc  extremely  fine,  fcarce  fhort  of  the  thread 
of  a  filk  worm  ;  and  accordingly  thefe  are  flexi¬ 
ble  to  a  furprifing  degree.  One  may  knot  the 
2  ends  of  fuch  a  thread,  and  draw  them  till  the 
■hole  in  the  middle  be  fcarce  :;th  of  a  line  in  dia¬ 
meter  e’er  it  will  break. 

How  flifl'  foever,  and  inflexible  glafs  appears 
in  the  lump,  it  is  not  efifentially  fo  :  if  we  had  the 
art  of  drawing  much  finer  threads,  they  would  be 
more  flexible  in  proportion ;  whence  it  may  be 
concluded,  that  if  we  could  draw  threads  as  (len¬ 
der  as  thofe  wherein  the  fpiders  lay  their  eggs, 
we  might  make  glafs  threads  proper  to  be  wove 
in  iluflsj  and  that  if  glafs  be  not  malleable,  it 
may  however  ( if  I  may  ufe  the  term  )  be  texa- 
ble.  I  have  tried  feveral  ways  for  making  glafs 
threads  vaftly  finer  than  is  commonly  done,  but 
have  not  been  able  to  get  them  to  the  neceflfary 
length.  The  danger  is  in  giving  too  great  a  de¬ 
gree  of  fufion  to  a  matter  fo  very  thin,  as  that 
which  mull  here  be  ufed,  not  to  mention  the 
difficulty  of  drawing  it  gently  enough,  and  in  an 
equable  manner.  The  method  which  fucceeded 
the  beft  is,  that  which  follows ;  I  took  a  glafs 
thread  feven  or  eight  inches  long,  and  fufpending 
it  in  the  air  by  one  end,  I  loaded  the  other  end 
with  a  piece  of  wax  hardly  weighing  a  tenth 
•part  of  a  grain,  which  yet  was  enough  to  draw 
'the  glafs  thread  downwards.  Near  the  thread 
thus  iufpcnded,  I  drew  a  little  taper  ;  upon  the  ar¬ 
rival  whereof,  at  a  certain  degree  of  nearnefs,  I 
could  perceive  the  little  weight  defeend  in  jerks  : 

-  by 
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bjr  this  means  I  frequently  ftretched  a  piece  of 
thread  :^th  of  an  inch  long,  to  the  extent  of  nine, 
or  ten  inches,  but  have  rarely  been  able  to  go- 
much  further,  by  reafon  the  dighteft  breath  of- 
wind  would  blow  the  flame  of  the  taper  fo  near’ 
the  thread,  as  to  melt  and  break  it ;  it  was  not. 
eafy  to  make  a  fufflcient  number  ot  threads  in 
this  manner,  whereof  to  compofe  one  pretty  thick' 
one  ;  but  by  the  experiment  I  learned,  that  one 
may  make  threads  of  glafs  finer  than  thofe  ot  any 
filk-worm.  Thofe  I  drew  in  this  manner  feemed 
almoft  as  fine  as  a  fpider’s  threads'.  I  would  wil-' 
lingly  have  learned  to  what  degree  they  were 
flexible,  for  they  appeared  to  be  prodigioufly  fo  *, 
but  they  were  too  fine,  and  fliorr,  and  their  num-' 
ber  too  fmall  for  this  purpofe. 

Thus  much  is  certain,  that  the  matter  whereof, 
even  the  fpiders  and  filk- worms  fpin  their  threads, 
is  brittle  in  the  mafs,  like  all  dry  gums,  as  I  have 
tried,  by  letting  it  dry  ;  and  it  may  be  added,  that 
tho’  the  threads  fpun  hereof  were  lefs  flexible  than 
they  are,  they  might  neverthelefs  be  woven, 
whence  it  feems  to  follow,  that  we  only  want  the 
art  of  extending  the  glafs,  to  be  able  to  work  it 

into  cloth. - -In  eifedf,  if  the  glafs  threads  were 

fine  enough  to  give  them  the  flexibility  necefTary' 
for  weaving,  they  would  naturally  be  ftrong  e- 
nough  to  prove  their  ffrength.  I  hung  feverai 
weights  to  the  fineft  glafs  threads,  which  the  w'ork- 
men  make,  and  found  that  one  Angle  thread 
would  fuftain  15  drachms,  or  near  2  ounces  with¬ 
out  breaking ;  ’tis  true  thefe  threads  were  3  or  4 
times  broader  than  a  thread  of  a  fiik-worm,  but 
they  did  not  feem  any  thicker,  whence  it  feems 
to  follow,  that  they  would  be  confiderably  ftrong- 
er  than  the  threads  of  a  fiik-worm,  even  though 

S  f  2  they 
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they  were  equally  (lender,  fince  one  of  the  ftrong- 
eft  threads  of  filk  will  only  fuftain  2  drachms 
whofe  ftrength  of  confequence  is  only  \  of  that  of 
a  glafs  thread.  A  difproportion  much  greater  than 
that  between  their  folid  contents.  Accordingly  pick- 
ing  a  large  bunch  of  the  fineft  of  thefe  threads, 
and  dividing  them  into  feveral  portions,  and 
twifting  thefe  together  as  barbers  plait  trefles  of 
hair,  we  find  them  very  ftrong,  not  but  feveral 
other  threads  will  break  in  the  plaiting ;  and 
after  all,  there  is  no  likelyhood  that  any  great  ad¬ 
vantage  will  ever  be  procur’d  from  glafs  threads. 

Gums,  refins  and  wax,  are  alfo  ducftile  foft 
bodies,  but  none  of  them  are  much  confidered  by 
artificers  in  that  capacity  ;  ’tis  true  the  wax- 
chandler’s  draw  their  torches  or  tapers  through 
holes,  like  thofe  of  a  wire-drawer,  but  this  is  not 
to  extend,  but  to  make  them  round  and  fmooth. 

If  we  be  defedlive  in  the  management  of  the 
clafs  of  du6lile  foft  bodies,  ’tis  in  fome  meafure 
compenfated  by  that  artifice  found  in  feveral  ani¬ 
mals,  for  extending  it  beyond  all  imagination  ; 
lb  that  we  have  nothiiig  to  do  but  employ  the 
threads  prepared  for  us.  ’Tis  obvious  we  here  fpeak 
of  the  filk- worm’s  threads  which  are  formed  of  a 
vifeous  matter  iffuing  from  the  body  of  the  in- 
ftdl,  which  arrives  at  a  confiftence  much  as  glafs 
threads  become  hard,  by  receding  from  the  lamp, 
tho*  from  a  different  caufc,  as  ffiall  be  fhewn 
hereafter,  nor  fhall  our  enquiry  into  the  extenfion 
of  dudtile  foft  bodies,  terminate  in  the  filk  of 
worms. Thefe  animals  which  yield  the  moft  profit, 
rarely  afford  us  the  moft  curiofity,  but  nature  on 
the  contrary,  feems  to  have  beftowed  moft  art  in 
the  contrivance  of  thofe  which  are  troublefome 
to  Hs,  and  for  which  we  even  have  an  averfion  ; 
thus  fpiders,  thofe  mifehievous  infects,  which  pro- 
3  bably 
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bably  would  not  fpin  at  all,  unJefs  to  incommode 
us,  as  we  have  already  ihewn,  in  an  enquiry  into 
the  produce  of  their  filk,  in  the  memoirs  for  the 
year  1710,  are  incomparably  better  fitted  than 
filk-worms,  to  flicw  how  tar  nature  can  go  in 
extending  a  vifcid  juice. - In  the  difcourfe  al¬ 

ready  cited,  we  only  fpoke  occafionally  of  the  ex- 
tream  finenefs  of  their  threads,  to  prevent  di- 
grefling  too  far  from  the  principal  point,  we  (hall 
now  examine  a  little  nearer,  and  infpedt  that  ad¬ 
mirable  mechanifm  whereby  they  are  formed. 

The  illuftrious  Malpighi  in  his  anatomy  of  the 
filk-worm,  defcribes  the  parts  from  whence  their 
filk  is  derived,  and  we  fhall  find  another  appara^ 

tiis  in  the  body  of  fpiders - near  the  fpiders 

tail  there  are  fix  teats  or  papilla  the  end  of 
each  whereof  is  a  fpinning  inllrument,  through 
which  the  threads  are  drawn  ;  thefe  moulds  or 
fpinning  inftruments  are  inconceivably  fmali,  in 
a  compafs  lefs  than  a  pin’s  head.  There  are  e- 
nough  of  them  to  give  rife  to  a  furprifing  mul¬ 
titude  of  threads,  as  may  be  eafily  perceived  by 
their  effedts ;  taking  a  large  garden  fpider  ready 
to  lay  its  eggs,  and  applying  a  finger  on  one  of 
its  papillae,  as  we  withdraw  the  finger,  a  furpri¬ 
fing  quantity  of  feparate  threads  will  come  after 
it,  as  Ihewn  by  KAMN,  I  have  endeavour¬ 
ed  to  learn  their  number  by  ufing  a  good  mi- 
crofeope,  and  have  frequently  told  upwards  of  70 
or  80,  but  could  eafily  perceive  that  they  were 
infinitely  more,  tho*  they  'all  arofe  from  a  fmali.. 
part  of  the  papilla.  In  efiedt,  if  I  were  to  fay 
that  the  end  of  each  papilla  furnifhes  a  thouland 
threads,  the  number  would  perhaps  be  thought 
excefiive,  and  it  appears  to  me  much  too  fmali 
to  exprefs  the  number  of  thefe  threads,  as  every 
*  Plate  VI.  Fig.  9. 
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body  may  be  convinced,  by  examining  a  papilla 
of  a  chamber-fpidcT  with  a  microfcope.  In 
this  contemptible  infecfl  we  find  a  beautiful 
ftru6lure  ;  the  end  of  the  papilla  is  divided  into 
a  multitude  of  fmaller  eminences,  much  like  flies 
or  butterflies  eyes,  and  each  eminence  doubtlels 
ferves  to  make  a  different  thread,  or  the  feveral 
dents  between  the  eminences  may  perhaps  be 
pierced,  and  thus  give  paffage  to  fo  many  threads, 
the  little  eminences  only  fervingto  keep  the  threads 
from  mixing  together  ;  thefe  eminences  arc  not  fo 
fcnfible  as  the  papillae  of  garden  rpidcrs,‘but  in 
lieu  thereof  we  find  a  foreft  of  little  hairs,  which 

may  probably  anfwer  the  fame  purpofes - be  this 

as  it  will,  it  appears  inconteflable,  that  from  each 
papilla  of  a  fpider,  there  may  arife  threads  from 
above  a  thoufand  different  places,  and  confe- 
quently  the  animal  having  6  papill^^  may  give 
paffage  to  6000  threads  *,  nor  is  the  artifice  of  na¬ 
ture  barely  feen  in  piercing  fuch  immenfely  fmall 
boles,  but  the  threads  are  already  formeci  when 
they  arrive  at  t\\^  papilla ^  each  of  them -having 
its  little  canal  or  vagina  apart;  in  effed:,  we* find 
them  formed  and  feparate  from  each  other  at  a 
great  di fiance  from  the  papilla,  and  to  explain 
the  whole  mechanifm,  we  muff  go  back  as  far  as 
the  fource  of  the  juice  they  are  compofed  of. 

In  i'nfeds  fo  fmall  and  foft  fuch  delicate  parts  are 
hardly-  diftinguifhable  without  a  little  attention, 
but  boiling  the  animal,  or  drying  it,  or  leaving  it 
a  few  hours  in  fpirir  of  wine,  renders  all  the  ef- 
fential  parts  vifible  vvifhouu  a  microfcope.  Near  the 
rife  of  the  belly,  as  at  1)D  we  find  two  little 
foft  bodies,  which  are  the  firft  fources  of  the  fiik  in 
figure  and  tranfparency  ;  they  refemble  glafs 
drops,  whence  for  the  convcniency  of  expreifioia, 

f’g-  7* 
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we  fliall  not  fcruple  to  call  them  drops  ;  the 
point  of  each  drop  goes  winding  as  in  R,  and 
forms  a  multitude  of  bends  towards  the  fa- 
pilU,  From  the  bafe  of  the  drop  proceeds  another 
branch  much  bigger  than  the  former,  as  S,  which 
making  alfo  a  greater  number  of  folds,  forms 
feveral  knots,  and  advances  like  the  other  towards 
the  hind  part  of  the  fpider. 

I  have  fometimes  unfolded  this  laft  branch  till  it 
were  9  or  10  inches  long,  tho’  only  a  part  of  it 
were  then  unfolded.  The  drop  and  branches 
which  arife  from  them,  contain  the  matter  whereof 
filk  is  tobe  formed  ;  but  this  matter  is  yet  fofr, 
and  unlefs  the  fpider  have  been  dried,  will  hard¬ 
ly  draw  out  into  long  threads.  The  body  of  the 
drop  may  be  confidered  as  a  refervoir,  and  the  2 
branches  as  canals  proceeding  from  them.  If  the 
fpider  be  mot  over-boiled,  the  branches  will  be  vi- 
fibly  feen  invefled  with  a  membrane  which  pre¬ 
vents  the  tranfparency  of  the  liquor  from  appear¬ 
ing,  but  by  rubbing  the  canal  gently,  this  mem¬ 
brane  comes  off  a  little  further  j  behind,  there 
are  2  fmaller  drops  which  fend  forth  one  more 
branch  from  their  point,  fo  that  on  each  fide  the 
fpider  there  are  3  drops  which  fend  forth  their 
liquor,  by  3  canals,  to  the  proper  refervoirs  from 
whence  it  is  immediately  fuppiied  for  the  forma¬ 
tion  of  filk. 

Qn  each  fide  the  fpider,  as  at  EE  "h,  there  are 
three  other  bodies,  which  may  be  confidered  as 
the  ultimate  refervoirs  wherein  the  liquor  is  ga¬ 
thered  *,  thefe  we, call  the  grand  refervoirs  ||  ;  they 
are  much  bigger  than  the  drops,  and  the  three 
which  are  on  the  fame  fide  are  ranged  in  fuch 
manner  by  each  other,  that  they  only  feem 
fig.  IP.  t  Fig.  7-  .  i|Eg.  li. 


to 
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to  form  a  fingle  body,  they  arc  very  different  in 
figure,  and  yet  have  this  in  common,  that  each 
of  them  makes  6  or  7  bends,  and  are  pretty 
trjuably  thick  throughout,  tho’ one  of  their  ex¬ 
tremities  is  bigger  than  the  other,  the  larger  end 
as  VVV,  is  next  the  head  of  the  infect,  and  the 
fmaller  TTT,  next  the  ajtus  *,  thefe  latter  termi¬ 
nate  in  a  point,  and  almoft  meet  each  other,  like 
the  three  middle  fingers  of  the  hand.  From  the 
thi*ee  points  of  thefe  re fervo I rs  proceed  the  threads, 
or  at  lead  the  chief  parts  of  the  threads,  which 
ifiiie  at  the  three  papillte^  each  refervoir  being 
deflined  to  fupply  one  papilla ;  this  is  not  diffi¬ 
cult  to  perceive,  for  not  only  the  point  of  each  of 
thefe  refervoirs  is  feen  terminating  in  a  thread  ; 
but  if  the  adjacent  parts  be  dexterouQy  managed, 
we  perceive  a  multitude  of  threads  which  proceed 
from  thefe  bodies,  and  may  be  traced  to  the  pa- 

pillcC. 

In  fine,  at  the  origin  of  the  papilla  we  difeo-' 
ver  feveral  flcfiiy  tubes,  and  have  rcafon  to  ima¬ 
gine,  that  there  arc  as  many  papillae.  If  the  mem¬ 
brane  or  pellicle  which  feems  to  cover  thefe  tubes 
be  removed,  we  find  them  full  on  the  infide,  with 
threads  all  diflinft  from  each  other,  and  which  of 
confequence,  under  one  common  cover,  had  each 
of  them  their  particular  one. 

*Tis  true,  upon  tracing  thefe  threads  we  find 
feveral  of  them  which  come  further  off  than  the 
points  of  the  grand  refervoirs,  fome  of  them  feem 
to  come  from  the  middle,  others  a  little  lower, 
and  others  a  little  higher  *,  fo  that  the  whole  mul¬ 
titude  of  threads  colle6ted  near  the  papillae  of  the 
fpidcr  do  not  all  feem  to  arife  from  the  points  of 
the  refervoirs  •,  ’cis  more  probable  that  fome  arife 
from  the  feveral  angles,  or  perhaps  from  other 

parts 
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parts  of  the  refervoirs.  All  we  can  afErm  for  cer¬ 
tain  is,  that  thefe  bodies  feem  to  have  one  com¬ 
mon  tegument,  and  that  there  are  a  multitude  of 
threads  which  follow  all  their  windings. 

As  to  the  manner  wherein  this  juice  is  gathered 
in  the  drops,  and  its  pafiage  thence  into  the 
grand  refervoirs,  the  eye  can  give  us  no  informa¬ 
tion.  Malpighi^  as  clear  fighted  as  he  was,  content¬ 
ed  himfelf  with  deferibing  the  vefiel  wherein  the 
liquor  of  his  filk-worm  is  colle(5led,  without  ei¬ 
ther  explaining  the  manner  wherein  it  comes  thi¬ 
ther,  or  itspaffage  out  again.  What  then  can  be 
expefted  from  us,  in  an  infedl  much  fmaller  than 
the  filk-worm,  and  which  contains  6  or  7  thou- 
fand  times  more  parts  ?  ’Twill  be  enough  for  us 
to  make  fome  refledlions  on  the  prodigious  dudli- 
lity  of  the  matter  whereof  their  threads  are  com- 
pofed,  and  the  immenfe  finenefs  of  the  holes,  thro* 
which  they  pafs,  and  the  tubes  they  are  mouLled 
in. 

We  have  obferved,  that  from  the  end  of  each 
papilla  there  may  iffue  upwards  of  a  thoufand 
threads,  yet  this  end  of  a  papilla  is  no  broader 
than  a  pin’s  head,  and  the  holes  are  of  neceffity 
feparated  from  each  other  by  intervals  which  muft 
be  greater  by  much  than  the  holes  themfelves ; 
and  this  even  in  the  largeft  fpiders:  for  if  we  con- 
fider  the  young  ones  produced  by  thefe,  we  fliall 
find  them  to  fpin  threads  the  moment  they  quit 
their  nefl  ;  thefe  threads  ’tis  true  are  hardly  to  be 
perceived;  but  the  webs  formed  of  them  are  fuf- 
ficiently  viEble,  being  frequently  as  thick  and  as 
clofe  as  that  of  a  chamber-lpider  *,  and  this  by 
reafon  4  or  5  hundred  young  fpiders  concur  to  the 
fam.e  work.  How  fmall  now  mufl  the  holes  be  thro* 
which  thefe  threads  are  drawn  ?  The  imagination 

VoL.lV.  N^43.  Tc  can 


322  The  llnroViY  and of  the 

can  hardly  reach  the  fmallnefs  of  one  of  thefe  pa¬ 
pillae.  The  whole  fpider  perhaps  is  fcarce  fo  big  as 
a  Tingle  papilla  of  one  of  the  parent  fpiders,as  may 
be  eafily  fliewn  ;  for  every  pregnant  fpider  lays  4 
or  5  hundred  eggs,  which  are  all  inclofed  in  a  ball ; 
and  as  foon  as  a  young  fpider  has  broke  thro*  this 
ball,  they  begin  to  fpin.  How  flender  then  muft 
each  of  the  threads  be  that  ifllie  from  each  papil¬ 
la  !  It  were  perhaps  needlefs  to  fhew,  that  nature 
can  carry  the  duflility  of  this  matter  ftill  further, 
otherwife  it  might  eafily  be  done  ;  for  fome  fpi- 
ders  are  fo  fmall  at  their  birth,  that  there  is  no 
diftinguifhing  them  without  a  microfcope.  They 
are  of  a  red  colour,  and  being  gathered  in  large 
crowds,  feem  only  to  the  naked  eye,  like  cluf- 
ters  of  red  fpecks ;  and  yet  all  of  them,  how  im¬ 
perceptible  loever,  make  webs,  and  confequently 
fpin.  What  then  muft  the  tenuity  be  of  the  threads 
which  ilfue  from  the  holes  of  their  papillae.?  A 
hair  compared  to  one  of  thefe  threads  muft  be 
thicker  than  the  largeft  bar  or  ingot  compared  to 
the  flendereft  filver-wire.  To  fay  no  more,  thefe 
threads,  which  however  are  confifteht,  and  hang 
together,  are  lefs  in  diameter  than  the  thinneft 
layer  of  gold  which  covers  the  fineft  filver- 
wire. 

We  have  already  obferved,  that  the  matter 
whereof  thefe  threads  are  formed,  is  a  vifeous 
juice  ;  its  firft  appearance  is  in  the  drops  above- 
mentioned,  where  it  has  but  little  confiftence  *,  but 
we  find  it  much  improved  in  the  grand  refer- 
voirs,  to  which  it  is  tranfmitted  from  the  drops. 
We  fuppofe  a  confiftence  required  in  the  way  by 
a  fecretion  of  part  of  the  moifiure,  or  aqueous  li¬ 
quor  mixed  therewith,  made  by  parts  deftined  for 
that  purpofe  ;  but  the  liquor  dries  ftill  further  in 

its 
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its  pafTage  to  the  papillae,  thro’  proper  canals,  till 
at  length  it  becomes  thread.  At  its  appearance 
without  the  hole,  it  (till  remains  foft  and  gluti¬ 
nous,  fo  that  the  threads  of  different  holes  flick 
together  at  fome  diflance  therefrom,  and  the  mat¬ 
ter  does  not  become  perfedly  dry,  till  the  air 
has  exhaled  the  reft  of  its  moifture. 

Thus  much  is  eafily  proved  by  drying  a  large 
fpider  by  the  fire,  or  boiling  it  in  water.  A  little 
drying  or  boiling  will  give  the  matter  in  the  drops 
a  fufficient  confidence  to  fit  it  to  be  drawn  out  in¬ 
to  threads,  and  at  the  fame  time  will  unfit  that  in 
the  grand  refervoirs  from  being  drawn  ;  but  boil¬ 
ing  the  fpider  to  a  further  degree,  the  matter  in 
the  drops  becomes  a  kind  of  hard  glue,  incapable 
of  any  further  drawing  *,  whence  it  appears  evi¬ 
dent,  that  it  is  by  drying  or  evaporating  the  ufe- 
‘  lefs  moifture,  that  the  matter  of  filk  becomes 
filk. 

I  was  well  nigh  betrayed  indeed  by  a  fpecious 
experiment  into  an  opinion,  that  it  is  not  by  the 
evaporation  of  an  aqueous  matter,  that  the 
threads  of  filk  acquire  their  confiftence.  Drawing 
out  fome  threads  from  the  hind  part  of  a  fpider, 
and  winding  them  on  a  flick,  I  plunged  the  fpi¬ 
der,  flick  and  all,  in  water,  and  continuing  to 
turn  the  flick  about,  found  the  filk  threads  conti¬ 
nue  to  iffue  from  the  papillse  as  before. 
was  not  yet  in  the  fecret  of  the  method  of  the  fpi- 
der’s  fpinning,  nor  knew  that  the  threads  had  ac¬ 
quired  a  confiftence  before  they  ifiued  from  the 
holes  :  this  confiftence,  tis  true,  is  yet  defedlive, 
but  fuffices  to  make  them  hang  together ;  and 
they  continue  to  dry  in  the  v/ater.  A  proof 
hereof  is,  that  if  the  drops,  or  the  grand  refer¬ 
voirs,  be  ftceped  in  cold  water,  the  contained 

T  t  2  matter 
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matter  gains  no  confiftencc  thereby  *,  on  the  con¬ 
trary,  if  the  matter,  either  of  the  drops,  or  the 
grand  refervoirs,  be  left  a  while  in  fpirit  of  wine, 
it  will  acquire  the  fame  confidence,  as  if  the  fpi- 
der  had  been  dried. 

•  We  may  add,  that  the  matter  in  thefe  refer¬ 
voirs  refembles  filk  in  its  colour,  tho’  in  no  o- 
ther  quality.  ’Tis  much  like  a  gum,  or  a  tran- 
fparent  glue,  and  breaks  when  bent  to  a  certain 
degree,  or  a  certain  number  of  times,  like  glafs. 
It  is  only  flexible  when  divided  into  very  flender 
threads  *,  and  if  nature  have  multiplied  the  num¬ 
ber  of  holes  in  the  papillae,  ’tis  probably  becaufe 
the  filky  matter  formed  in  their  bodies,  is  natu- 
turally  more  brittle  than  the  matter  of  filk-worms; 
and  requires  to  be  divided  in  fmaller  parts.  With¬ 
out  this,  ,what  neceflity  was  there  for  forming 
fuch  a  number  of  feparate  threads  to  be  united 
again  after,  when  a  Angle  canal  might  have  made 
a  thread  big  enough  at  once  ? 

’Tis  probable,  that  the  matter  in  the  refervoirs 
never  grows  perfedlly  dry,  even  in  the  air  ;  but 
that  the  middle  parts  ftill  remain  a  little  moift ; 
the  external  furface  mufl:  neceflfarily  dry  the  firft ; 
and  this  furface,  when  dried,  is  indilToluble  by 
water,  and  impenetrable  by  it;  and  confequently 
mufl:  prevent  their  moifture  in  the  middle  of  the 
mafs  from  efcaping,  as  well  as  the  external  moi¬ 
fture  from  entering ;  and  this  probably  was  one  of 
the  reafons  why  Ipiders  threads  are  naturally  fo 
fmall,  fince  to  make  them  ftrong  they  mufl:  be 
very  dry ;  and  they  never  v/ould  have  been  fuffi- 
ciently  dry  if  they  had  been  lefs  flender. 

It  would  now  be  time  to  explain  from  whence 
the  prodigious  dudility  of  this  matter  arifes,  but 
it  is  rather  time  to  defifl,  the  length  of  our  me¬ 
moir 
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moir  being  but  ill  attoned  for  by  clofing  the  reci¬ 
tal  of  certain  fa6ls  without  reafonings,  which  are 
always  precarious. 

An  e:)Cplanation  of  the  figures  in  plate  IV. 

Fig,  6,  is  one  of  the  fpecies  of  Ipiders,  which 
fpin  filk,  feen  at  the  upper  part. 

Fig.y.  the  fame  fpider  feen  underneath.  A  A 
mark  the  place  where  the  belly  is  joined  to  the 
breaft. 

At  B  are  the  papillae  and  the  anus, 

DD  fhew  the  place,  where  the  firfl  refervoirs, 
which  we  call  drops,  are  placed. 

EE  fliew  the  place  where  the  laft  refervoirs 
are. 

Fig,  8.  is  a  part  of  the  belly  of  a  fpider  mag¬ 
nified. 

F  is  the  anus, 

GGGG  are  the  4  great  papillae,,  vifible  only 
when  the  fpider  holds  them  as  in  this  figure, 
which  it  commonly  does'  when  one  holds  it. 

Fig,  9.  is  alfo  a  part  of  the  belly  of  a  fpider 
magnified  ;  it  fliews  all  the  papilla  difpofed  as 
they  are  when  one  preffes  the  belly  of  the  in- 
fe6t. 

HH  are  the  two  moft  diflant  papilla  from  the 
anus,  A  bundle  of  threads  a  comes  out  of 
one  of  thefe  papilla, 

II  are  two  great  papilla,  almoft  equal  to  the 
former. 

KK  are  tv/o  papilla. 

L  is  a  flefhy  part  which  covers  the  backfide  of 
the  fpider,  it  raifes  it  up,  to  let  the  excrements  go  ‘ 
out. 
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OMP  are  3  papilla  magnified  ;  difFcrcnc  ipe-» 
cies  of  fpiders  have  them  differently  made. 

O  is  one  of  papilla  H. 

M  is  one  of  the  papilla  I.  It  appears  that  a 
prodigious  number  of  feparate  threads  N  proceed 
from  this. 

P  is  one  of  the  middle  papilla  K  ;  all  the  forts 
have  a  quantity  of  hairs  ;  but  it  would  have  made 
them  too  confufed,  if  we  had  put  all  that  the  mi- 
crofcope  difcovers. 

Fig»  10.  RQS  is  one  of  the  refervoirs  which 
we  have  called  drops  ;  the  part  Q^is  the  neareft  to 
AA  in  Jig»  7.  R  is  part  of  the  drop  ending  in  a 
point.  S  is  that  .which  makes  a  net- work,  be¬ 
fore  it  arrives  at  the  great  refervoirs. 

Fig,  II.  are  3  of  the  great  refervoirs  placed  one 
above  another,  but  not  quite  fo  near  as  they  are 
naturally.  Our  view  was  to  fliew  that  they  are 
three.  In  the  animal  they  feem  at  firft  fight  to 
make  but  one  body.  VVV  are  the  neareft  ends 
to  the  head  of  the  infeft. 

TTT  arc  the  fineft  ends,  and  the  neareft  to 
the  anus. 

Fig,  12.  is 
rately. . 

yi.  ReJleSlions  on  the  obfervations  of  the  tides 

by  M,  Caflini*. 

Philolbphers  are  not  yet  agreed  as  to  the  caufe 
and  effedls  of  the  flux  and  reflux  of  the  fea. 

Pojfidonius^  according  to  Strabo^  fays,  that  the 
motion-of  the  fea  imitates  the  revolution  of  the 

♦  Aug.  2,  1713. 
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heavenly  bodies,  and  that  there  is  in  the  flux  of 
the  fea  a  daily  motion,  another  which  follows 
the  revolution  of  the  lunar  months,  and  an  annual 
one. 

That  the  diurnal  motion  is  that  which  the  lea 
makes  in  rifing  and  falling  twice  in  the  day,  that 
the  monthly  motion  fhews  itfelf  by  the  different 
heights  of  the  tides,  which  are  great  toward  the 
new  moons,  diminilh  to  the  firft  quarter,  and 
increafe  to  the  full  moon,  after  which  they  fall 
again.  As  for  the  annual  motion,  he  had  learned 
from  the  inhabitants  of  Cadiz^  that  toward  the 
fummer  folftices  the  fluxes  and  refluxes  of  the 
fea  were  the  greatefl,  which  made  him  conjedure, 
that  they  diminifh  to  the  autumnal  equinox  ;^thac 
they  afterwards  increafe  to  the  winter  folftice,  af¬ 
ter  which  they  diminifh,  and  fo  on  fucceffive- 

ly- 

Pliny  affirms,  that  the  fun  and  moon  are  the 
caufe  of  the  flux  and  reflux ;  he  feems  to  be  of  the 
fame  opinion  with  Pojftdonius^  as  to  the  daily  mo¬ 
tion  of  the  flux  and  reflux  of  the  fea,  and  in  that 
which  is  obferved  in  each  revolution  of  the  moon ; 
but  he  affirms  on  the  contrary,  that  the  greatefl 
tides  happen  in  the  equinoxes,  and  the  fmallefl:  in 
the  folftices ;  and  that  they  are  alfo  greater  in  the 
autumnal  equinox,  than  in  tht  vernal.  He  adds, 
that  the  tides  are  lefs  when  the  moon  is  northern, 
and  diftant  from  the  earth,  than  when  it  is  fou- 
thern,  and  its  force  adfs  nearer ;  and  that  in  the 
fpace  of  eight  years,  after  100  revolutions  of  the 
moon,  the  fame  principles  of  the  motion  of  the 
tides,  and  the  fame  augmentations  are  obferved. 
He  obferves  laftly,  that  all  thefe  changes  do  not 
happen  exacftjy  in  the  times  here  above  marked, 
but  fome  days  after.  The  effefts  of  things  which 
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pafs  in  the  heavens  are  not  felt  upon  the  earth  fo 
loon  as  they  are  feen. 

Several  modern  philofophers  have  alfo  difeo- 
vered  three  forts  of  motions  in  the  flux  and  reflux 
of  the  fea  *,  one  which  it  makes  twice  every  day  ; 
another  which  follows  the  periods  of  the  moon  ; 
and  the  third  which  is  feen  every  year  at  the  time 
of  the  equinoxes  and  folftices. 

They  all  agree  with  Pliny  in  fuppofing  that  the 
tides  are  greater  in  the  equinoxes  than  in  the  fol¬ 
ftices  ;  but  they,  differ  among  thernfelves  in  what 
concerns  the  caufe  of  thefe  pheenomena, 

Galileo  is  of  opinion,  that  the  principal  caufe 
of  the  flux  and  reflux  of  the  fea,  proceeds  from 
the  motion  of  the  earth  about  its  axis,  which  it 
makes  in  24  hours,  during  which  it  is  carried  on 
at  the  fame  time  by  its  annual  morion,  which  it 
makes  about  the  fun  in  the  fpace  of  a  year.  Al- 
tho’  both  thefe  motions  are  made  from  the  weft  to 
the  eaft,  each  point  of  the  furface  of  the  earth 
muft  have  different  degrees  of  velocity  with  rela^ 
tion  to  a  fixed  point  taken  in  the  heavens.  For  by 
the  daily  revolution  of  the  earth,  the  parts  expofed 
to  the  fun  are  carried  off  a  different  way  to  that  by 
which  the  earth  is  moved  by  its  own  motion  *,  and, 
on  the  contrary,  the  parts  of  the  furface  of  the 
earth  which  are  in  the  oppofite  hemifphere  to  the 
fun,  are  carried  off  by  the  daily  revolution  the 
farrie  way  by  which  they  are  carried  on  by  its 
own  motion  *,  from  whence  there  refults  a  com¬ 
pound  motion,  the  velocity  of  which  is  greater 
than  in  the  preceding  cafe,  and  varies  according 
to  the  different  dire6tions  of  thefe  two  motions. 
The  parts  of  the  furfice  of  the  earth  being  there¬ 
fore  moved  fometimes  flower,  and  fometimes 
fafter,  in  the  fpace  of  24  hours,  it  follows,  that 
3  the 
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the  waters  contained  in  the  Tea,  which  cannot  ex- 
a6lly  follow  the  motion  of  the  furface  of  the 
earth,  are  obliged  to  flow  and  ebb  in  the  fpace  of 
a  day,  juft  as  water  contained  in  a  veflel  would  do, 
which  being  carried  away  with  a  certain  degree 
of  velocity,  on  a  certain  fide,  would  flow  back  on 
the  oppofite  fide,  and  afterwards  return  toward 
the  other  edge  when  this  velocity  fhould  begin  to 
abate  confidcrably.  From  hence  he  concludes, 
that  there  muft  be  in  it  a  flux  and  reflux  in  the 
fpace  of  24  hours ;  but  becaufe  of  the  water 
which  always  tends  to  be  in  equilibrio^  and  feveral 
accidents  which  may  happen,  as  the  different 
depths  of  the  fea,  and  of  the  diredion  of  the 
coafts  of  the  fea  which  interrupts  its  motion,  the 
flux  may  accelerate  2,  3,  4,  5,  or  6  hours,  which 
makes  them  commonly  obferve  in  the  Mediterra¬ 
nean  the  flux  of  the  fea  every  fix  hours,  though  in 
other  places  we  may  find  it  different. 

With  regard  to  the  motion  of  the  tides  which 
follow  the  periods  of  the  lunar  months,  he  pre¬ 
tends  that  they  are  produced  by  the  inequality  of 
the  motion  of  the  earth,  which  acquires  a  greater 
degree  of  velocity  when  the  moon  is  in  conjiftidion 
than  when  it  is  in  oppofition.  For  this  he  fup- 
pofes,  that  the  force  proceeding  from  the  fun  ads 
in  like  rhanner  at  an  equal  diltance  from  it,  and 
moves  with  more  velocity  the  bodies  which  are 
nearer  the  centre  of  their  motion,  than  thofe  which 
are  farther  diftant ;  from  whence  it  follows,  that 
the  moon  muft  have  a  greater  degree  of  velocity 
in  its  conjundion,  when  it  is  nearer  the  fun,  than 
in  its  oppofition,  when  it  is  farther  diftant  from  ir, 
which  alfo  contributes  to  accelerate  or  retard  the 
motion  of  the  earth,  like  a  pendulum,  which 
makes  quicker  or  flower  vibrations,  according  as 
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the  plummet  is  placed  nearer  or  farther  from  th^ 
centre  of  its  motion.  This  inequality  of  the  motion 
of  the  earth  in  the  conjundlions  and  oppofitions,  the 
period  of  which  is  the  fame  as  that  of  the  revolu¬ 
tion  of  the  moon,  is  the  caul'e,  as  he  -imagines,  of 
the  inequalities  that  are  obferved  in  the  tides  in 
the  courfe  of  a  month. 

As  for  the  inequalities  which  are  obferved  in 
the  tides  in  the  courfe  of  the  year,  Galileo  ima¬ 
gines  that  they  proceed  from  the  difference  which 
refults  from  the  compofition  of  the  annual  and 
daily  motion,  according  to  the  different  fituations 
of  the  earth  upon  the  ecliptic.  For  the  daily  revo¬ 
lution  being  made  about  the  poles  of  the  equator, 
and  the  annual  revolution  about  the  poles  of  the 
ecliptic,  which  is  23  degrees  and  \  diftant  from  it, 
it  follows  that  when  the  earth  is  in  its  tropicks, 
the  circle  of  the  declination  concurs  with  the  cir¬ 
cle  of  a  latitude  which  is  called  colure,  and  both 
thefe  revolutions  are  made  in'the  fame  direiftion  \ 
whereas,  when  the  earth  is  in  the  equinox,  thefe 
motions  arc  inclined  to  one  another  in  the  direc^ 
tion  of  2  3  degrees  and  |,  from  whence  there  pro¬ 
ceeds  a  different  compofition  of  motion  from  that 
which  happens  when  the  earth  is  in  the  tropics.  Ac¬ 
cording  to  this  author,  there  refults  from  the  dif¬ 
ference  of  thefe  two  compound  motions  fome  in¬ 
equalities  which  are  the  caufe  of  tliat  which  is  ob¬ 
ferved  in  the  foldices  and  equinoxes. 

From  hence  he  concludes,  that  the  periods  of 
the  tide  which  are  regulated  according  to  the 
days,  months,  and  years,  all  have  for  their  firft 
and  principle  caufe  the  annual  and  daily  motion 
of  the  earth  *,  and  that  the  fun  and  moon  come  in 
only  by  accident. 
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Defcartes^  who  Teems  better  informed  than  Ga¬ 
lileo  in  the  phcenomena  of  the  tides  upon  the  coafts 
of  the  ocean,  and  who*  knew  that  they  there  ob- 
ferved  regularly  the  flux  and  reflux  of  the  fea  twice 
a  day,  in  the  fpace  of  24  hours,  48  minutes,  or 
thereabouts,  fo  that  the  fea  takes  exadly  6  hours 
12  minutes  in  riflng,  and  as  much  in  falling, 
attributed  the  principal  caufes  of  this  phoenomenon 
'  to  the  motion  of  the  moon. 

He  judged  that  the  celeftial  matter,  which  fur- 
rounds  the  earth  being  moved  by  the  daily  motion 
with  more  velocity  than  the  earth,  was  inclofcd 
between  the  earth  and  moon,  which  obliged  the 
earth  to  give  way  a  little  to  the  oppofite  fide.  That 
by  this  means  its  waters  were  comprefled  on  botb 
Tides,  according  to  the  dire6lion  of  the  moon  to 
the  earth,  which  made  them  flow  back  on  both 
fides  to  the  diftance  of  90  degrees,  where  the 
greateft  height  of  the  fea  was.  That  the  moon  be¬ 
ing  arrived  6  hours,  12  minutes  afterwards,  at  the 
diftance  of  90  degrees  from  the  place  where  it  was 
before  the  waters,  which  had  been  then  raifed^ 
were  comprefled  by  the  interpofition  of  the  moon, 
and  the  fea  confequently  was  lower  there  than  in 
any  other  place.  And  therefore  it  muft  have  in 
the  fame  place  a  viciflitude  of  high  and  low  Tea  in 
the  fpace  of  12  hours,  24  minutes,  as  has  been  ob- 
ferved  there. 

As  to  the  tides  which  in  each  lunation  are  high- 
eft  in  the  new  and  full  moons,  and  loweft  in  the 
quadratures,  he  pretends  that  this  proceeds  from 
the  dircdlion  of  the  vortex  of  the  earth,  which  ac¬ 
cording  to  his  fyftem,  is  elliptical,  and  has  its 
lefler  axis  direded  toward  the  fun.  That  in  the 
conjundiuns  and  oppofitions  the  rnoon  is  in  this 
diredion,  and  confequently  the  flux  and  reflux  of 
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the  fea  muft  be  greater  than  in  the  quadratures, 
when  the  moon  is  fituated  in  the  dirc(ftion  of  the 
greateft  axis  of  the  ellipfis. 

He  adds  at  laft,  that  the  moon  being  always  in 
a  plane  near  the  ecliptic,  and  the  earth  making 
its  daily  revolution  according  to  the  plane  of  the 
equator,  both  thefe  planes  interfefl  one  another 
in  the  equinoxes,  whereas  in  the  folftices  they  are 
very  diftant  from  one  another ;  from  whence  it 
follows,  that  the  greateft  tides  muft  happen  to¬ 
ward  the  beginning  of  the  fpring  and  autumn. 

Kepler  in  his  lunar  aftronomy  *  attributes  the 
caufe  of  the  flux  and  reflux  of  the  fea  to  the  bodies 
of  the  fan  and  moon,  which  attract:  the  waters  of 
the  fea  by  a  virtue  almofl:  like  that  of  the  load- 
ftone.  He  owns  it  is  diflicult  to  explain  by  this 
means  why  the  flux  of  the  fea  is  as  great  at  mid¬ 
night  when  the  fun  and  moon  are  abfent,  as  at 
noon  when  they  are  prefent.  However,  he  ima¬ 
gines  that  the  flux  of  the  night  may  be  produced 
by  the  refledlion  made  againfl:  the  coafl;  of  Ame¬ 
rica  by  the  waters,  that  the  moon  has  carried 
away  with  her,  and  reciprocally  by  the  refledion 
made  againfl;  the  coafls  of  Europe  Africa^  by 
the  water  that  the  moon  brought  at  her  return. 

Sir  IJaac  Newton^  in  his  Principia  Mathema- 
tica  adopts  the  opinion  of  Kepler^  in  attributing 
the  caufe  of  the  tides  to  the  attradlion  produced  by 
.the  fun  and  moon.  According  to  his  principles 
.he  finds,  that  the  fea  muft  rife  twice  every  day, 
both  folar  and  lunar;  and  that  ihe  greateft  height 
.of  the  tide  muft  happen  in  lefs  than  fix  hours  after 
the  pafTage  of  the  fun  and  moon  through  the  me¬ 
ridian,  as  is  obferved  in  the  taftern  parts  of  the 
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Atlantic  and  Ethiopic  oceans,  between  France 
and  the  of  Good-Hope^  and  upon  the  coafts 
o't  Chili  and  Peru  of  the  Pacific  ocean  where  the 
flux  of  the  Tea  happens  much  about  the  third 
hour. 

Thefe  two  motions  which  the  fun  and  the  moon 
produce,  are  not  perceived  diftindly,  but  make 
a  compound  motion.  In  the  conjundions  and 
oppofitions  thefe  two  effeds  are  joined  together, 
and  form  the  greated:  flux  and  reflux.  In  the 
quadratures  the  lun  raifes  the  water  in  the  place 
where  the  moon  deprefTes  it,  and  the  fluxes  and 
refluxes  of  the  fea,  which  refult  from  this  diffe¬ 
rence,  are  the  lead  that  can  happen  in  the  courfe 
of  a  month,  and  becaufe  according  to  expe¬ 
rience  the  effed  of  the  moon  is  greater  than  that 
of  the  fun,  the  greated  height  of  the  fea  mud 
happen  at  the  third  lunar  hour.  He  calls  the  lu¬ 
nar  hour  the  24th  part  of  the  time  that  the  moon 
takes  up  in  returning  to  the  meridian  of  the  fame 
place. 

Sir  Ifaac  Newton  alfo  judges  that  the  effeds  of 
the  fun  and  moon  are  greater  in  their  lead  didances 
from  the  earth  than  in  the  greated,  and  that  in  a 
triple  ratio  of  the  apparent  diameters.  That  con- 
fequently,  all  things  being  equal,  the  fun  being 
in  the  winter  in  \i%perigetim  the  tides  mud  be  a  lit¬ 
tle  greater  than  in  dimmer ;  and  that  the  moon 
being  in  its  perigeum^  the  tides  mud  be  greater 
than  15  days  before  or  after,  when  it  is  in  its  afo- 
geum. 

Hq  adds,  that  the  effed  of  the’  fun  and  moon 
depends  upon  its  declination  or  didance  from  the 
equator.  That  if  both  thefe  planets  were  in  the 
diredion  of  the  pole,  they  would  attrad  all  the 
waters  uniformly  •,  fo  that  there  would  not  be  any 
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reciprocal  motion  j  and  therefore  the  fun  and 
moon  in  receding  from  the  equator  towards  the 
poles,  Jofe  by  degrees  their  effort,  and  make  the 
tides  fmaller  in  the  fyzygics  of  the  folftices,  than 
in  thofe  of  the  equinoxes  ;  but  in  the  quadratures 
of  the  folftices,  the  tides  muft  be  greater  than  in 
the  quadratures  of  the  equinoxes,  becaufe  the 
cffe61:  of  the  moon  which  is  then  in  the  equator 
exceeds  that  of  the  fun. 

The  greateft  tides  therefore  happen  in  the  fyzy- 
gies,  and  the  fmall  in  the  quadratures  which  are 
about  the  time  of  the  equinoxes,  and  the  greateft 
tide  of  a  fyzygy  is  followed  by  the  leaft  of  a  qua¬ 
drature,  which  he  fays  agrees  with  experience.  It 
alfo  proceeds  from  the  diftance  of  the  fun  from 
the  earth,  which  is  lefs  in  winter  than  in  the  fum- 
nier,  that  the  greateft  and-  fmalleft  tides  oftener 
precede  the  vernal  equinox  than  follow  it*,  and 
oftener  follow  the  autumnal  equinox  than  precede 
it. 

SirlfaacNewton  finds  afterwards,  that  the  effects 
of  the  fun  and  moon  depend  alfo  upon  the  latitude 
of  places  *,  that  we  may.confider  the  fea  as  divided 
by  the  fiux  of  the  fea  into  two  hemifpheroides,  one 
of  which  is  toward  the  north,  and  the  other  to¬ 
ward  the  fouth  *,  that  the  tides  of  both  thefe  oppo- 
fite  hemifpheroides  pafs  fuccefiively  through  the 
meridian  of  each  place  in  1 2  hours  ;  that  the  nor¬ 
thern  countries  partake  more  of  the  north  tides, 
'and  the  fouthern  of  the  fouth  tides  ;  and  there¬ 
fore,  out  of  the  equator  the  tides  of  each  day  are 
alternatively  greater  and  fmaller.  The  greateft 
tides  happen  3  hours  after  the  moon’s  pafllige 
through  the  meridian,  when  this  planet  declines 
from  the  equinedial  towards  the  zenith,  and  the 
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moon  changing  its  declination  the  tides  will  be 
fmaller. 

The  greateft  difference  between  the  tides  of  the 
ftme  day  muft  happen  at  the  time  of  the  folftices,, 
cfpecialjy,  when  the  afeending  node  of  the 
moon  is  at  the  beginning  of  Aries.  It  is  alfo 
found  by  experience,  that  in  the  winter  the  morn- 
ing  tides  iire  greater  than  the  evening  ones ;  and 
in  the  fummer,  the  evening  tides  are  greater  than 
the  morning  ones,  at  Plymouth,  by  about  a  foot, 
and  at  Brijiol  1 5  inches. 

The  other  opinions  of  philofophers  concerning 
the  caiife  and  effedis  of  the  flux  and  reflux  of  the 
lea, are  almoft  alJ  reduced  to  thoie  which  I  have  juft 
related  ;  we  have  therefore  thought  it  neceffary  to 
examine  what  thofe  are  which  agree  with  experi¬ 
ence,  and  which  are  thofe  that  are  contrary 
thereto.  ^ 

As  to  what  P ojjidonius  relates,  heh  as  very  well 
diftinguiflied  the  three  motions  of  the  tides  which 
follow  the  periods  of  the  days,  months,  and  years ; 
but  he  fuppofes  that  the  tides  are  greater  towards 
the  folftices  than  toward  the  equinoxes,  which  is 
not  conformable  to  experience.  Perhaps  they 
had  obferved  the  tides  in  the  fummer  folftice  when 
the  moon  was  very  near  the  earth,  in  which  cafe 
the  fea  muft  have  rifen  to  a  great  height,  which 
had  given  room  to  conjedure  that  the  greateft 
tides^  always  happen  in  the  folftices,  and  the' 
Imaheft  in  the  equinoxes.  In  fhort,  Strabo,  who 
relates  the  opinion  of  PoJJidonius,  fays,  that  this 
author  having  been  at  Cadiz,  in  the  temple  of 
Hercules,  about  the  fummer  folftice,  had  not  ob¬ 
ferved  any  extraordinary  tides  in  the  full  moon, 
but  that  about  the  new  moon  in  the  river  B'Xtis 
or  ^yyadal^utver ,  there  happened  fo  great  an 
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overflowing  of  the  waters,  that  the  levcJ  of  the 
ground  of  the  light-houfe,  and  the  rampart  of  the 
port  of  Cadiz  had  been  covered  to  the  height  of 
10  cubits. 

Plinyh  opinion  concerning  the  tides  of  the  equi¬ 
noxes  and  folftices,  feems  more  agreeable  to  the 
obfervations,  as  he  affirms,  that  the  greatefb  tides 
happen  in  the  equinoxes,  and  the  fmalleft  in  the 
folftices ;  but  he  advances  that  the  tides  are  yet 
greater  in  the  autumnal  equinox  than  in  the  ver¬ 
nal,  which  we  have  not  been  able  to  difeover  by 
the  obfervations.  What  is  moft  remarkable  is, 
that  he  has  found  that  the  tides  are  fmaJIer  when 
the  moon  receeds  from  the  earth,  than  when  it 
approaches  it ;  and  its  force  a6ls  nearer,  which 
agrees  with  our  obfervations.  He  alfo  obferves, 
that  in  the  fpace  of  eight  years,  after  100  revolu¬ 
tions  of  the  moon,  there  are  the  fame  principles  of 
motion  of  the  tides,  and  the  fame  augmentations 
obferved,  which  has  a  great  deal  of  relation  to  the 
motion  of  the  moon’s  apogeum^  which  in  eight 
or  9  years  returns  to  the  fame  point' of  the  Zodiack 
after  1 18  revolutions  of  the  moon,  which  we  may 
confequently  take  for  the  period  of  the  principal 
inequalities  that  are  obferved  in  the  tides.  He  adds, 
laftly,  that  the  effeefts  produced  by  the  motions 
of  the  celeftial  bodies  are  not  fo  foon  felt  upon  the 
earth,  as  they  are  perceived  by  the  eye,  which 
agrees  perfedly  with  our  obfervations. 

With  regard  to  Galileo^  who  pretends  that  the 
principal  caufe  of  the  pkcenomena  obferved  in  the 
flux  and  reflux  of  the  fea,  muft  be  attributed  to  the 
motion  of  the  earth,  it  would  be  difficult  to  recon¬ 
cile  his  opinion  with  the  obfervations.  He  allows 
himfelf,  that  according  to  his  principles,  there 
muft  be  only  one  flux  and  reflux  in  24  hours,  and 
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that  if  it  fometimes  happens  oftener,  it  proceeds 
from  feveral  accidents,  as  the  depth  of  the  water, 
the  dirediions  of  the  coafts  of  the  fea,  ^c.  But 
if  it  was  fo,  how  fhould  we  be  perfuaded  that 
thefe  accidental  caufes,  which  vary  in  fo  many 
different  manners,  according  to  the  different  places, 
fhould  caufe  fo  regular  an  effedl,  that  infhead  of 
one  flux  and  reflux  in  24  hours,  there  fhould  be 
two  fluxes  and  refluxes  in  24  hours,  48  minutes  ? 
An  effedl  which  is  known  to  every  body,  and  ^ 
which  we  have  obferved  in  all  the  ports  of  France, 
that  are  upon  the  ocean,  where,  notwithftanding 
the  various  depth  of  the  water,  and  the  different 
dire61:ions  of  the  coafbs,  the  tide  regularly  takes 
up  6  hours  and  about  ^  in  rifing,  and  as  much  in 
falling. 

Befides  the  periods  of  the  flux  and  reflux  of  the 
fea,  which  we  obferve  every  day,  the  caufe  of 
which  Galileo  attributes  tp  the  motion  of  the  earth, 
he  finds,  that  according  to  his  fyflem,  there  ought 
to  be  in  the  tides  a  period  regulated  according  to 
the  revolution  of  the  moon  with  regard  to  the 
fun  *,  the  earth  having,  as  he  conjedlures,  a  greater 
degree  of  velocity  in  the  conjundlions  than  in  the 
oppofitions.  Xo  this  may  be  anfwered,  that  thefe 
different  degrees  of  velocity, which  he  attributes  to 
the  earth  in  the  new  and  full  moons,  were  not 
known  till  now  by  the  aflronomers.  But  tho’  this 
effedt,  which  perhaps  is  not  fenfible  enough  to  be 
obferved  by  aftronomical  obfervations,  fhould  be 
enough  to  make  an  impreffion  upon  the  fea  as  Ga^ 
lileo  fuppofes,  it  would  follow  from  thence  that 
the  tides  which  happen  in  the  conjundlions  would 
be  different  from  thofe  obferved  in  the  oppofi¬ 
tions,  and  that  thofe  of  the  quadratures  would  be 
the  moft  uniform  ;  which  does  not  agree  with  the 
VoL,  IV.  X  X  ob- 
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obfervations  by  which  it  has  been  found,  that  the 
greatefl;  tides  happen  equally  in  the  conjundlions 
and  oppofitions  where  they  are  pretty  uniform  ; 
and  that  the  fmalleft  are  obferved  in  the  quadra- 
dratures,  where  they  are  fubjedt  to  more  irregula¬ 
rities.  Nor  does  the  reafon  which  Galileo  relates 
for  the  annual  periods  of  the  tides  feem  to  agree 
with  the  obfervations  *,  for  in  the  folftices,  the 
daily  motion  of  the  earth  being  made  in  the  fame 
diredtion  as  the  annual  one,  it  would  feem  that 
the  compofition  of  thefe  two  motions  fliould  caufe 
greater  tides  than  in  the  equinoxes,  where  the^di- 
redlions  of  both  thefe  motions  are  inclined  to  one 
another  *,  and  yet  on  the  contrary  we  obferve,  that 
the  tides  arc  greater  in  the  eqninoxes  than  in  the 
folftices. 

The  different  degrees  of  velocity  of  the  annual 
motion  of  the  earth  when  it  is  in  its  Perihelion^  or 
Aphelion^  muft  alfo  caufe  according  to  this  opi¬ 
nion,  a  very  great  alteration  in  the  tides ;  never- 
thelefs  we  do  not  obferve  any  confiderable  varia¬ 
tion  in  the  tides  of  the  winter  folftice,  when  the 
earth  moves  with  more  velocity  than  in  the  fum- 
mer  folftice,  when  it  moves  flower. 

Defcarlesh  opinion  concerning  the  caufe  of  the 
flux  and  reflux  of  the  fea  feems  more  agreeable  to 
our  obfervations  *,  for  it  is  eafy  to  imagine,  that 
all  the  celeftial  bodies  making  by  their  motion 
fome  impreflion  upon  one  another,  the  earth  is 
obliged  to  give  way  on  the  oppofite  fide  to  the 
moon  ;  fo  that  the  waters  of  the  fea  are  com- 
prefled  according  to  the  direction  of  the  moon  to 
the  earth,  ■  and  forced  to  flow  back  on  both  fides 
to  the  diftance  of  90  degrees,  which  makes  the 
high  tide. 
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The  reafon  which  he  gives  why  the  tides  are  great¬ 
er  in  the  fyzygies  than  in  the  quadratures,  is  a  con- 
fequence  of  his  fyftem,  in  which  he  fuppofes,  that 
the  lefler  axis  of  the  vortex  of  the  earth,  which  is 
elliptical,  Is  always  pointed  toward  the  fun*,  fo  that 
the  moon  is  nearer  the  earth  in  the  fyzygies  than 
in  the  quadratures.  But  this  does  not  always  agree 
with  the  aftronomical  obfervations  ;  for  it  is  true, 
that  the  moon  being  in  the  fyzygies,  and  at  the 
fame  time  in  its  per/geum,  is  nearer  the  earth  than 
in  any  other  phafe  ;  but  we  cannot  conclude  from 
hence,  that  the  leffer  axis  of  the  vortex  of  the  earth 
which  carries  the  moon,  is  always  diredted  to¬ 
ward  the  fun  ;  for  it  often  happens  that  the.  moon 
is  nearer  the  earth  in  the  quadratures  than  in  the 
fyzygies  *,  and  yet  we  always  obferve,  that  in  the 
quadratures  the  tides  are  lefs  than  in  the  fyzy¬ 
gies.  .  . 

We  cannot  therefore  attribute  the  caufe  of  the 
great  tides  in  the  new  and  full  moons  to  the  prox¬ 
imity  of  the  moon  to  the  earth,  and  that  of  the 
fmall  tides  in 'the  quadratures  to  its  diftance  ;  and 
this  has  given  us  room  to  conjecture  that  the  fun 
as  well  as  the  moon  concurs  in  producing  the 
height  of  the  tides,  altho’  its  effect  was  not  fo 
confiderable  as  that  of  the  moon  that  in 
the  fyzygies  both  thefe  caufes  aCting  accord¬ 
ing  to  the  fame  direction,  the  tides  muft  be 
greater  than  toward  the  quadratures  when  the 
fun  aCted  in  a  direction  perpendicular  to  that  of 
the  moon. 

Kepler^  and  after  him  Sir  Ifaac  Newton.,  have 
judged,  that  the  fun  as  well  as  the  moon  contri¬ 
butes  to  the  height  of  the  tides,  with  this  diffe¬ 
rence,  that  as  we  fuppofe  the  tides  are  produced 
by  the  preffure  of  the  llin  and  moon  upon  the  ce- 
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IcftiaJ  matter  which  furrounds  the  earth,  they  have 
attributed  thiseffedl  to  the  bodies  of  the  fun  and 
moon, which  attradl  the  waters  of  the  Tea  by  a  ver- 
tue  almoft  like  'that  of  the  loadilone.  Thefe 
two  hypothefes,  tho’  very  different  in  their  prin¬ 
ciples,  feem  to  be  equally  able  to  give  a  reafon 
for  all  the  fheenomena  which  are  obferved  in  the 
tides.  It  is  true,  that  according  to  the  fyftem  of 
the  preflure,  the  fea  muft  be  low  in  the  places 
where  it  fhould  be  high  according  to  the  fyftem  of 
the  attraction  ;  but  as  in  the  new  and  full  moons 
the  high-water  happens  in  fevcral  places  at  diffe- 
’  rent  hours  of  the  day,  before  and  after  noon,  it 
is  not  eafy  to  determine  to  which  of  thefe  caufes 
we  ought  to  attribute  the  flux  and  reflux  of  the 
fea.  It  is  therefore  more  proper  before  we  em¬ 
brace  any  fyftem  to  be  affured  of  a  great  number 
of  obfervations,  which  we  have  hitherto  done,  and 
have  had  an  opportunity  of  continuing  by  a  new 
journal  of  obfervations  upon  the  tides  made  at 
Breft  during  the  years  1712,  and  1713. 

This  journal  begins  the  13th  of  July^  1712, 
where  the  preceding  had  finillied,  and  has  been 
continued  to  March  1713. 

In  this  interval,  which  is  about  nine  months, 
they  have  obferved  the  tides  of  i  8  both  new  and 
full  moons,  among  which  are  found  thofe  of  the 
autumnal  equinox,  the  winter  folftice,  and  the 
vernal  equinox. 

I'he  tide  which  happened  the  fooneft  was  ob¬ 
ferved  Feb,  24,  1713,  at  3  hours,  6  minutes,  in 
the  morning,  the  new  moon  being  marked  that 
day  in  tlie  Connoijfance  des  Temps,,  at  10  hours, 
50  minutes,  at  night.  That  which  happened  the 
lateft  was  obferved  Dec.  13,  at  4  hours,  27  mi¬ 
nutes,  I,  the  full  moon  being  marked  that  day  at 
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I  hour,  3  minutes,  in  the  morning.  The  diffe¬ 
rence  between  thefe  two  obfervations,  which  is  i 
hour,  24  minutes  f,  may  ,be  partly  corredcd, 
by  fuppofing  as  in  the  preceding  memoirs,  the 
mean  time  of  the  full  moon  at  Breft^  at  3  hours, 
45  minutes,  and  making  ufe  of  the  common  equa¬ 
tion  of  2  minutes  for  an  hour,  which  muff  be 
added  to  the  mean  time,  or  fubtradf  from  it,  ac¬ 
cording  as  it  retards  or  anticipates  with  regard  to 
the  time  of  the  new  or  full  moon.  For  we  fhall 
find,  that  the  24rh  of  Feb.  1713,  the  day  of  the 
new  moon,  and  of  the  greateil  acceleration  of  the 
tide,  the  high  tide  ought  to  have  happened  at  3 
hours,  7  minutes,  within  a  minute  near  what  it 
was  obferved  at ;  and  that  the  13th  of  Dec.  the 
day  of  the  full  moon,  and  of  the  greateft  retarda¬ 
tion,  the  height  of  the  tide  ought  to  have  hap¬ 
pened  at  I  hour,  14  minutes  within  near  12 
minutes  |,  of  what  was  obferved. 

The  obfervation  of  the  24th  of  February  is 
marked  for  the  greateft  acceleration  in  the  fpace 
of  almoft  two  years,  and  is  diftant  from  the  mean 
time  of  the  high  tide  39  minutes,  which  by  the  e- 
quation  prefcribed,  are  reduced  to  one  minute; 
and  the  obfervation  of  December  13,  is  that  where 
the  greateft  retardation  was  found  in  the  lame  fpace  • 
of  time,  and  is  42  minutes  diftant  from  the  mean 
time,  which  by  our  equation  are  reduced  to  12' 
which  fhews  the  necelfity  ofufing  this  equation, 
and  the  advantage  that  may  be  drawn  from  it,  for 
knowing  more  certainly  the  time  of  high-water, 
the  days  of  the  new  and  full  moon. 

Asro  trie  time  of  high -water  in  the  quadratures, 
it  is  fubject  to  great  inequalities,  which  however 
will  be  partly  corrected,  by  fuppofing  the  mean 
time  of  the  high  tide  at  Erefi.,  on  the  day  of  the 
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quadratures,  at  S'"  57^as  has  been  done  already, 
and  ufing  the  common  equation  of  2'  |  in  an  hour 
inftead  of  that  of  2',  which  we  fuppofe  in  the  new 
and  full  moons. 

They  have  been  obliged  in  the  quadratures  to 
make  ufe  of  this  horary  equation  of  two  minutes 
and  a  half,  becaufe  they  have  obferved,  that  one 
day  with  another,  the  tides  retard  much  more  to¬ 
ward  the  quadratures,  than  toward  the  new  and 
full  moons  ;  and  for  this  reafon  . 

In  the  new  and  full  moons,  the  prefTure  is  great¬ 
er  than  toward  the  quadratures,  and  confequently 
the  effe6f,  produced  upon  the  waters  of  the  ocean 
which  are  in  the  high  water,  take  up  lefs  time  to 
communicate  themfelves  towards  the  coalfs,  than 
in  the  quadratures  where  the  preffure  of  the  moon 
being  much  lefs,  its  effort  employs  much  more 
time  to  communicate  itfelf  toward  the  coafts,  and 
caufes  a  retardation  in  the  tides,  which  makes  an 
effe6l  like  the  waves  of  the  fea,  which  are  great¬ 
er,  and  acquire  a  greater  velocity,  the  greater  the 
force  is  which  adls  them. 

We  have  already  obferved,  that  the  fea  takes 
up  more  time  in  falling  than  in  rifing.  Hiis  is 
confirmed  by  thefe  nev/  obfervations  ;  and  it 
•feems,  that  we  might  attribute  the  caufe  of  it  to 
this  ;  that  the  effort  which  obliges  the  waters  to 
rife,  drives  them  with  violence,  and  confequently 
with  a  great  deal  of  velocity  toward  the  coafis,  from 
whence  they  afterwards  retire  by  their  own  weight 
with  lefs  velocity  than  they  were  railed. 

With  regard  to  the  tides  which  happen  twice 
in  the  fame  day,  every  twelve  hours,  they  mud 
continually  ciunge  in  height,  fince  in  each  month 
they  are  greated  one  or  two  days  after  the  new 
and  full  moons ;  that  they  afterwards  diminifli 
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continually  till  a  day  or  two  after  the  quadratures; 
that  they  afterwards  rife  again,  and  fo  on  fuc- 
ceflively  ;  but  befides  this  inequality  of  height, 
which  they  have  obferved  at  all  times,  it  alfo 
meets  with  others.  For  we  often  obferve,  that 
from  the  quadratures  to  the  new  and  full  moons, 
the  evening  tide  which  ought  to  be  greater’ than 
that  of  the  morning,  becaufe  the  tides  incrcafe 
from  day  to  day,  is  however  fometimes  feveral 
inches  lefs  in  the  morning  than  at  night ;  and  on 
the  contrary,  in  other  circumftances,  from  the 
new  and  full  moons  to  the  quadratures,  they 
find  the  evening  tide  greater  than  that  of  the 
morning,  tho’  it  ought  to  be  lefs,  becaufe  the 
tides  from  one  day  to  another  continually  di- 
minifli. 

This  inequality  of  height  in  the  tides  has  been, 
by  Sir  Ifaac  Newton’s  account,  obferved  at  Ply- 
mouth^  and  by  MelT.  Coleprefs  and  Slur- 

fnius^  who  have  obferved  that  in  the  winter,  the 
morning  tide  was  greater  than  the  evening  one  ; 
and  that  in  the  fummer,  it  was  lefs  than  the 
evening  one. 

Perhaps  they  made  thefe  obfervations  about 
the  new  and  full  moons  which  happen  near  the 
folftices,  when  there  is  in  efteft,  almoft  alvv^ays 
this  variety  of  height  in  the  tides  which  fucceed 
one  another  every  twelve  hours. 

For  example,  the  19th  of  June^  1712,  the 
day  of  the  full  moon,  the  morning  tide  was 
obferved  at  Breft  ly  feet  i  inch,  lefs  by  a  foot 
and  an  inch  than  that  of  the  evening,  which 
was  found  to  be  1 8  feet  2  inches. 

The  adofy/^:/}’,  the  day  after  the  new  moon, 
the  morning  tide  was  obferved  14  feet  10  inches 
5  lines,  lefs  by  9  inches  2  lines  than  that  of  the 
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evening,  which  was  found  to  be  15  feet,  7  inches 
8  lines. 

On  the  contrary,  the  13th  oi  December  lyiiy 
the  day  ot  the  full  moon,  the  morning  tide  was 
obrerved  to  be  16  feet  7  inches,  greater  by  4 
inches  4  lines,  than  that  of  the  evening,  which 
was  found  to  be  16  feet  2  inches  and  8  lines. 

The  2  9th  of  the  fame  month,  the  day  of  the  new 
moon,  the  morning  tide  was  obferved  to  be  18 
feet  10  inches,  greater  by  7  inches  than  that 
of  the  evening,  which  was  1 8  feet  3  inches. 

It  appears  therefore,  by  thefe  obfervations,  as 
by  many  others,  which  would  be  too  Jong  to 
relate,  that  about  the  new  and  full  moons,  the 
fuifimer  tides  are  lefs  in  the  morning  than  at 
night  and  the  winter  rides  are  lefs  at  night 
than  in  the  morning,  which  may  eafily  be  ac¬ 
counted  for,  if  we  fuppofe,  conformable  to  our 
hypothefes,  that  the  tides  are  aJmoft  of  equal 
height  in  the  parts  of  the  earth  diredlly  oppofite 
to  one  another. 

In  fummer,  in  the  new  moon,  this  planet  pafTes 
about  noon  with  the  fun  through  our  meridian, 
with  a  northern  declination,  and  confequently  its 
greatefl:  force  muft  be  felt  in  the  northern  coun¬ 
tries  of  our  hemifphere,  and  in  the  fouthern  coun¬ 
tries  of  the  other  hemifphere,  which  are  dircdlly 
oppofite  to  us.  About  twelve  hours  after,  toward 
midnight,  the  moon  palTes  through  the  meridian 
in  the  oppofite  hemifphere,  with  a  like  declination ; 
and  confequently  its  greatefl  force  mufl  be  percei¬ 
ved  in  the  northern  countries  of  the  other  hemi- 
fphere,  and  in  the  fouthern  countries  of  our 
hemifphere,  which  are  diredtly  oppofite  to  it : 
the  effort  or  preffure  of  the  moon  in  the  fum¬ 
mer  new  moons,  is  therefore  greater  at  noon  in 
3  the 
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the  northern  countries,  where  we  live,  than  in  the 
Southern  countries  ;  and  on  the  contrary,  this  pref- 
fure  is  greater  at  midnight  in  the  fouthern  than 
in  the  northern  countries  ;  from  whence  it  fol¬ 
lows,  that  the  height  of  the  tide  being  proportioned 
to  the  different  efforts  or  preffures  of  the  moon, 
the  evening  tide  immediately  after  noon  muft  be 
greater  in  the  new  moons  of  the  fummer,  than 
the  tide  which  happens  after  midnight. 

In  the  lull  moons  which  happen  alfo  in  the 
fame  feafon,  the  moon  palfes  over  o,ur  meridian 
at  midnight,  with  a  fouthern  declination,  and 
confequenCly  the  morning  tide,  which  irhmediately 
follows,’  muft  be  lefs  than  that  of  the  afternoon, 
the  moon  paffing  at  noon  over  the  meridian  of 
a  place  which  has, the  northern  part  of  the  earth 
for  its  oppofite,  where  the  greateft  evening  tide 
muft  happen. 

Gn  the  contrary,  in  the  winter  new  moons,  this 
planet  paffes  with  the  fun  through  the  meridian 
with  a  fouthern  declination,  and  confequently  the 
preffure  which  k  occaftons  in  the  northern  countries 
muft  not  be  then  fo  great  as  thofe  which  it 
produces  in  the  fouthern  countries,  and  the  evening 
tide,  which  immediately  follows,  muft,  be  lefs  than 
that  of  the  morning,  the  moon  palling  at  mid¬ 
night  through  the  meridian  of  a  place,  which 
has  its  oppofite  in  the  northern  part  of  the  earth,' 
where  the  greateft  morning  tide  muft  happen.  In 
the  winter  full  moons,  the  moon  palfes  at  mid¬ 
night  through  the  meridian  with  a  northern  decli¬ 
nation,  and  confequently  the  morning,  tide  which' 
follows  immediately,  muft  be  greater  than  that  of 
the  evening,  the  moon  paffing  at  noon  through 
the  meridian  of  a  place  vriiich  has  i:s  oppo¬ 
fite  in  the  fouthern  part  of  the  earth,  where  the 
greateft  evening  tide  muft  happen. 
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It  appears  therefore  by  this  reafoning,  that  in 
the  new  and  full  moons,  the  fummer  tides  inuft 
be  lefs  in  the  morning  than  at  night  ;  and  that 
the  greateft  tide  muft  happen  at  night.  That* 
on  the  contrary,  in  the  winter,  the  tides  are  lefs  at 
night  than  in  the  morning  ;  and  that  the  greateft 
tide  mufl:  happen  in  the  morning. 

We  obferve  only  that  the  difference  of  height^ 
between  the  morning  tide,  and  evening  tide,  is 
greater  in  fummer  than  in  winter  5  which  muff  in 
effed  happen,  becaufe  the  evening  tides,  which  in 
fummer  are  greater  than  thofe  of  the  morning,  by 
the  reafons  juff  related,  are  alfo  increafed  in  height 
by  the  augmentation  which  is  made  in  the  tides 
every  twelve  hours,  from  one  or  two  days  af¬ 
ter  the  quadratures,  to  one  or  two  days  after 
the  new  or  full  moon  ;  whereas  in  winter^  the 
evening  tide,  which  is  lefs  than  the  morning  one, 
is  increafed  in  height,  becaufe  the  tides  which  in- 
creafe  in  the  new  and  full  moons,  are  greater  at 
night  than  in  the  morning;  which  caufes  a  lefs 
difference  in  the  height  of  the  tides  of  the  fame 
day  in  winter  than  in  fummer. 

There  are  therefore  two  caufes,  which  concur  to 
the  variation  of  height  which  is  obferved  in  the 
tide,  which  happen  in  one  day  every  twelve  hours; 
one,  which  is  produced  by  the  continual  augmen¬ 
tation  or  diminution  which  happen  between  the 
new  and  full  moons,  and  the  quadratures  ;  and 
the  other,  v/hich  we  muff  attribute  to  the  diffe¬ 
rent  height  of  the  moon  upon  the  horizon  ;  ac¬ 
cording  to  which  its  declination  is  more  tOr  thc^ 
north  or  fouth.  This  laff  caufe  commonly  pre¬ 
vails  above  the  other;  when  the  moon  is  in  the 
northern  or  fouthern  figns,  but  it  is  hardly  fen- 
fiblc  in  the  new  or  full  moons  of  the  equinox, 

when 
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when  the  moon  palTes  through  the  meridian  with 
very  little  declination. 

This  augmentation  or  diminution  in  the  tides 
every  twelve  hours,  as  we  have  jull  obferved  in 
the  new  and  full  moons  which  happen  about  the 
folllices,  mufl;  be  obferved  alfo  in  the  quadra¬ 
tures  which  happen  about  the  equinoxes. 

In  the  vernal  equinox,  the  moon  is  in  its  firft 
quarter  in  the  northern  figns,  and  paffes  through 
the  meridian  at  fix  at  night,  with  a  northern  de¬ 
clination,  and  confequently  the  evening  tide,  which 
follows  its  paffage  through  the  meridian,  muft  be 
greater  than  that  of  the  morning.  In  the  third 
quarter,  the  moon  pafTes  through  at  6  in  the  morn¬ 
ing,  with  a  fouthern  declination,  and  confequently 
the  morning  tide  mufl:  be  lefs  than  the  evening  one. 
Thus  in  the  quadratures,  which  happen  about  the 
vernal  equinox,  the  tides  arc  lefs  in  the  morn¬ 
ing  than  at  night,  and  the  lead  mud  happen  in  the 
morning. 

On  the  contrary,  about  the  autumnal  equinox, 
the  moon  in  its  firft  quarter  is  in  the  fouthern  figns, 
and  pafTes  through  the  meridian  at  fix  at  night, 
with  a  fouthern  declination,  and  confequently  the 
evening  tide,  which  follows  its  pafTage  through  the 
meridian,  mufl  be  lefs  than  that  of  the  morn¬ 
ing.  In  the  third  quarter,  the  moon  pafifes  through 
the  meridian  at  6  in  the  morning,  with  a  northern 
declination,  and  confequently  the  morning  tide, 
which  follows  its  pafTage  through  the  meridian, 
mud  be  greater  than  that  of  the  evening. 

Thus  in  the  quadratures  which  happen  abour 
the  autumnal  equinox,  the  morning  tides  are 
greater  than  thofe  of  the  evening,  and  the 
lead  tides  mud  happen  in  the  evening. 

This  reafoning  agrees  pretty  well  with  the 
obfervations  for  the  6th  of  September  1711*, 

Y  y  2  the 
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.^he  day  of  the  lead  tide  of  the  autumnal  equi¬ 
nox,  the  evening  tide  was  obferved  t6  be  lo 
feet  3  inches,  lefs  by  7  inches  than  the  morn¬ 
ing  tide  which  was  iq  feet  10  inches.  The 
23d  of  September  1712,  the  day  of  the  lead 
dde  of  the  autumnal  equinox,  the  evening 
tide  was  alfo  obferved  to  be  ten  feet  eight 
inches  four  lines,  lefs  by  nine  inches  eight 
lints,  than  the  morning  tide  which  was  eleven 
feet  6  inches. 

On  the  contrary,  the  1 6th  of  March  1712, 
the  day  of  the  lead  tide  of  the  vernal  equi¬ 
nox,  the  morning  tide  was  obferved  to  be  10 
feet  10  inches,  lefs  by  3  inches  than  that  of 
the  evening;  and  the  20th  oi  March  1713, 
the  day  of  the  lead  tide  of  the  lad  quarter, 
the  morning  tide  was  obferved  at  1 1  feet 
7  inches,  lefs  by  nine  inches  than  that  of  the 
evening. 

We  have  obferved  in  the  preceding  memoirs, 
that  the  various  didances  of  the  moon  from  the 
earth  caufe  a  very  great  variety  in  the  height  of 
the  tides.  This  is  confirmed  by  thefe  lad  obfer- 
vations,  for  the  28th  of  Dec,  1712,  the  day  of 
the  full  moon,  the  didance  of  this  planet  from  the 
earth,  being  936  parts,  the  radius  of  which  is 
1,000;  that  is  to  fay,  the  moon  being  very  near 
its  perigeum^  they  obferved,  Dec.  the  30th,  in  the 
morning,  the  day  of  the  greated  tide,  the  height 
of  the  lull  fea  to  be  19  feet,  2  inches,  above  the 
fixed  point,  and  that  of  the  low- water  to  be  i 
foot,  8  inches,  below  this  point,  fo  that  the  fea 
had  rifen  that  day  to  the  height  of  20  feet,  10 
inches. 

The  I  ith  of  Jan.  following,  the  day  of  the  full 
moon,  this  planet’s  didance  from  the  earth  being 
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1064,  that  is  the  moon  being  very  near  its  apo- 
geumy  they  obferved  the  15th  of  Jan,  in  the 
morning,  the  day  of  the  greateft  tide,  the  height 
of  the  full  fea  to  be  17  feet,  5  inches ;  and  that  of 
the  next  low- water  to  be  i  foot ;  fo  that  the  fea 
had  only  rifen  1 6  feet,  5  inches,  that  day,  lefs  by 
4  feet,  5  inches,  than  in  the  preceding  obfervation 
when  the  moon  was  near  its  perigeum. 

It  muft  be  obferved,  that  in  the  new  moon 
perigeum  of  the  28  th  of  Dec.  1712,  its  declination 
was  23  degrees  to  the  fouth,  very  c  iftant  from 
the  equinoctial,  and  confequently  its  preflure  upon 
the  earth  muft  not  be  fo  great  as  when  the  moon 
being  almoft  at  equal  diftance  from  the  earth,  is 
at  the  fame  time  nearer  the  equator. 

In  effeCl  we  find,  that  the  24th  of  Feh.  1713, 
the  day  of  the  new  moon,  its  diftance  from  the 
earth  being  953,  that  is,  near  \x.^  perigeum y  and 
its  declination  5  degrees  fouth  near  the  equator, 
the  height  of  the  full  fea  was  obferved  Feh,  26,  in 
the  morning  to  be  2 1  feet,  2  inches,  which  is  the 
greateft  height  that  they  have  obferved  at  Breji  in 
almoft  two  years.  The  low-water  following  was 
obferved  to  be  i  foot,  3  inches,  below  the  fixed 
point,  fo  that  the  tide  rpfe  that  day  to  the  height 
of  22  feet,  5  inches. 

The  1 2th  of  March  following,  the  day  of  the 
full  moon,  its  diftance  from  the  earth  being 
1,032,  pretty  near  its  apogeuniy  and  its  fbuth- 
ern  declination  one  degree,  that  is,  near  the  equa¬ 
tor.  They  obferved  the  13th  of  March  following, 
the  day  of  the  greateft  tide,  the  height  of  the  full 
fea  to  be  18  feet,  2  inches,  and  that  of  the  low- 
water  o  feet,  o  inches ;  fo  that  the  elevation  of 
the  fea  that  day  was  only  1 8  feet,  2  inches,  lefs 
by  4  feet,  3  inches,  than  in  the  preceding  obfer- 

yation. 
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vation,  when  the  moon  was  near  \x.%perigeum^  but 
I  foot,  9  inches,  greater  than  in  the  obfcr vation 
of  Jan.  I  I,  1713,  before  related,  when  the  moon 
being  near  its  apogeuniy  its  northern  declination 
was  20^^ 

Asto  fmall  tides  which  follow  the  quadra¬ 
tures,' we  fend  alfo  by  thefe  laft  obfervatioiis  that 
their  heights  are  proportioned  to  the  different  dif- 
tances  of  the  moon  from  the  earth.  For 
ph.,  Sept  I  2^^  1712,  the  day  of  the  leaft  tide 
wkioh  followed  the  3d  quarter,  the  moon’s  diftance 
from  the  earth  being  1,063  very  near  its  apogeum^ 
the  height  of  the  full  fea  at  .night  was  obferved  to 
be  JO  fret,  8  inches,  8  lines,  and  that  of  iow- 
water  5  feet,  10  inches,  fo  that  tite  fea  rofe  that 
day  only  4  feet,  10  inches,  8  lines.  The  7th  of 
following,  the  day  of  the  leaft  tide  which 
followed  the  ift  quarter,  the  moon’s  diftance  I'rom 
the  earth  being  976  near  its  perigeum.^  ths'height 
of  the  full  fea  was  obferved  at  night  to  be  12  feet, 
10  inches,  and  that  of  the  morning  3  feet,  6 
inches,  fa  that. the  elevation  of  the  tide  was  that 
day  9  fcer4*'4  inches, vgi^eat^r  by  4  feet,  5  inches, 
-4  lints,  tlran!  irt  the  preceding  obfervation,  when 
the  moon. wflj  ne^rjts  apfig^ufn. 

The  moon’s  northern  declination  was  Sept.  22, 
I7i2prhe/day  of ‘the laft  quarter,  24*''  and 
confef^uently  the  fmalleft  tide  following  muft  be 
very  "bw'as  was  obferved,  having  been  found  the 
'23d  at -night  to  be  10  feet,  8  inches,  8  lines,  low¬ 
er  by  <2  feet,  than  the  26th of  Dec.  when  the  dif¬ 
tance  of  the  moon  from  the  earth  being  ^,036  near 
the  apegeum.,  and  its  fouthern  declirkition  5  de¬ 
grees,  the  height  of  the  tide. was- found  co.be  12 
fret,  8  inches,  8  lines.  *  ?* :  •  , 

Befides, 
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Befides  the  variations  in  the  height  of  the  tides 
which  refult  from  the  different  diftances  of  the 
moon  from  the  earth,  and  its  different  declination 
with  regard  to  the  equinocliaJ,  there  muft  alfb 
according  to  our  hypothefis  be  fome  that  are 
caufed  by  the  different  diftance  of  the  fun  from 
the  earth,  and  by  its  different  declination,  we 
have  already  obferved  that  the  tides  of  the  new 
and  full  moons  were  greater  than  toward  the  equi¬ 
noxes,  when  the  fun  has  no  declination,  than  to¬ 
ward*  the  folftices,  when  it  has  23  degrees,  29 
minutes,  and  it  is  probable  that  the  fun  which  is 
then  in  conjundlion,  and  in  oppoficion  with  the 
moon,  concurs  with  it  to  the  different  heights  which 
are  obferved. 

With  regard  to  the  diflance  of  the  fun  from  the 
earth,  as  it  is  lefs  about  the  winter  folftice  when  the 
fun  is  juft  at  its  perigeum,  than  at  the  fummer 
folftice  when  it  is  near  its  apogeim^  the  tides  muft 
be  greater  in  winter  than  in  fummer,  all  things 
being  equal,  as  in  effedl  it  is  obferved.  For  July 
30,  1 71 1,  the  day  of  the  full  moon,  irs  diftance 
from  the  earth  being  960,  and  its  declination  25 
degrees,  29  minutes,  the  fun  being  alfo  in  its  apo-- 
geum^  they  obferved  July  ift  at  night  the  height 
of  the  greateft  tide  to  be  17  feet  10  inches.  ‘  The 
8th  Qi  January  following,  the  day  of  the  new  moon 
the  moon’s  diftance  from  the  earth  being  951, 
and  its  declination  23  degrees,  almoft  the  fame  as 
the  30th  of  Jtdy^  the  fun  being  then  near  its  peri- 
geurdy  they  obferved  January  loth  in  the  morn¬ 
ing,  the  height  of  the  greateft  tide  to  be  19  feet 
10  inches,  higher  by  2  feet  than  in  the  preceding 
obfervation,  when  the  llin  was  in  its  apogeum. 
The  19th  of  following,  the  moon’s  diftance 
from  the  earth  being  936,  and  its  fouthern  decli¬ 
nation  24  degrees  30  minutes,  the  fun  being  then 
1  near 
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near  its  apogeum^  the  height  of  the  greateft  tide 
was  obferved  June  2 1  at  nighty  to  be  18  feet  4 
inches,  lefs  by  i  foot  6  inches  than  in  the  preceding 
obfervation.  Laltly,  the  28th  of  'December  1712* 
the  fun  being  in  its  perigeum^  the  moon’s  diftance 
from  the  earth  being  936,  and  its  fouthern  decli¬ 
nation  23  degrees,  the  height  of  the  greateff 
tide  was  obferved  the  30th  of  December  to  be  19 
feet  2  inches,  greater  by  10  inches  than  the  19th 
of  June^  when  the  fun  was  near  its  apogeum^  and 
the  moon  at  almoft  equal  diftance  from  the  earth. 

It  refults  therefore  from  thefe  obfervations,  that 
there  are  four  caufes  which  contribute  to  the  dif¬ 
ferent  heights  that  are  obferved  in  the  tides.  The 
firft  depends  upon  the  different  fituations  of  the 
moon,  with  regard  to  the  fun,  and  produces  the 
variations  that  are  obferved  in  the  height  of  the 
tides,  from  the  new  and  full  moons  to  the  qua¬ 
dratures.  The  ftcond  is  produced  by  the  different 
diftances  of  the  moon  from  the  earth,  the  tides  be¬ 
ing  greater,  when  the  moon  is  near  its  perigeum^ 
than  when  it  is  near  its  apogeum.  The  third  is  pro¬ 
duced  alfo  by  the  different  diftances  of  the  fun 
from  the  earth,  the  tides  being  greater  when  the 
fun  is  in  ns  apogeum^  than  when  it  is  in  its  pe- 
rigeurn,  Laftly,  the  fourth  depends  on  the  dif- 
lance  of  the  moon  from  the  equinodlial,  the  tide 
being  lefs  when  the  moon  has  a  great  declination 
than  when  it  is  near  the  equator.  Thislaft  caufe 
produces  alfo  the  variations  that  are  obferved  in 
the  tides  which  happen  in  the  fame  day.  Thefe  va¬ 
riations  muft  be  perceived  differently  in  different 
parts  of  the  earth  *,  they  muft  be  null  in  the  coun¬ 
tries  that  are  under  the  equinodlial  line  ;  but  they 
are  very  fenfible  in  the  northern  and  fouthern  coun¬ 
tries,  according  as  the  declination  of  the  moon  is 
more  to  (he  north  or  fouth. 


vn. 
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VII.  A  defcription  of  a  portable  machutefro^ 
per  to  fupport  the  glciffes  of  very  great  foci  ; 
prefented  to  the  academy  by  M,  Bianchini, 
M.  de  Reaumur*. 

The  number  of  obfervations,  with  which  M. 
Bianchini  has  enriched  our  memoirs,  have  fufficient- 
ly  informed  the  publick  of  his  ability  and  atten¬ 
tion  in  obferving  the  heavens ;  but  his  zeal  for  af- 
tronomy  does  not  end  there,  for  knowing  better 
than  any  body  how  far  this  fciencc  has  been  carried 
fince  they  have  known  how  to  work  the  great 
gkfles,  he  has  thought  of  rendering  the  ufe  of  them 
eafy.  Mefif.  Huygens  and  Cajjini  did  a  great  deal 
in  fhewing  us  that  we  might  ufe  glalTes  with  great¬ 
er  foci  without  tubes ;  this  was  removing  a  con- 
fiderable  difficulty  by  informing  us  that  we  might 
do  without  inftruments,  which  it  was  almofi:  im- 
poffible  to  conftrudt,  and  which  it  was  not  eafy  to 
make  ufe  of.  Notwithftanding  this  fine  difcovery 
there  ftill  remained  many  difficulties:  for  placing 
thefe  glaflcs,  there  muft  be  wooden  towers  ere6led 
fuch  as  there  is  in  the  obfervatory  ;  or  feveral  fo- 
lid  beams  raifed  upon  the  ground :  it  muft  have 
large  fpaces  of  ground;  and  befides  all  thefe  incon¬ 
veniences,  it  was  neceftary  to  employ  feveral  per- 
fonsand  different  machines  to  change  the  diredlion 
of  the  objed-glafs,  according  as  the  ftar  fhould 
change  its  place;  the  expences  which  this  required 
were  above  the  fortune  and  zeal  of  many  private 
perfons. 

This  made  M.  Bianchini  think  that  nothing 
would  be  more  proper  to  multiply  the  number  of 
obfervations,  or  which  is  the  fame  thing,  to  perfed 

July  29,  1713. 
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aftronomy,  than  a  machine  which  had  the  follow¬ 
ing  qualities :  ift,  d>at  it  fliould  luftain  the  obje^ 
glafs  very  high,  altho’  light.  2d,  that  the  height 
might  be  eafily  altered  according  to  the  different 
elevations  of  the  planets  above  the  horizon.  3d, 
that  it  Ihould  be  folid  and  firm,  without  its  being 
neceffary  to  make  ufe  of  nails  to  fix  it,  or  finking 
beams  into  the  earth.  From  the  preceding  qua¬ 
lities  it  was  alfo  efiential  that  there  fliould  rcfiik 
two  others;  that  the  whole  machine  might  be 
eafily  carried  about,  and  coft  but  little. 

l  ie  fought  for  this  machine,  which  did  not  ap¬ 
pear  eafy  to  be  found,  anddefired  M.  Chiarelli^  a 
pried  of  Vincentia^  famous  in  Italy  for  optical 
works,  to  feek  for  it  in  concert  with  him  ;  Galileo^ 
who  has  done  fo  much  for  the  fciences,  was  alfo 
of  fervice  to  them  on  this  occafion.  M.  Biamhini 
knowing  what  this  celebrated  author  has  demonf- 
trated  upon  the  force  of  a  hollow  cylinder,  did  not 
doubt  but  that  he  might  contrive  a  fupport  for  the 
objedt  glafs  high,  folid,  and  at  the  fame  time  light, 
by  making  ufe  of  hollow  cylinders,  that  is,  by 
caufing  tubes  of  different  diameters  to  be  made 
which  fliould  fliut  into  one  another  like  thofe  of 
tile  telefcopes  ;  the  ufe  of  teiefcopcs  fo  familiar  to 
M.  Bianchani  had  condudted  him  fo  far.  He  had 
already  a  fupport  high,  light,  and  of  which  the 
height  might  eafily  be  varied  ;  two  of  the  quali¬ 
ties  effential  to  the  machine  fought  for  :  there  on¬ 
ly  remained  to  find  a  folid  and  convenient  man¬ 
ner  of  raifing  this  high  fupport  perpendicular  to 
the  furface  of  the  earth.  This  is  what  M.  Cbiarelli 
has  very  ingenioufly  executed,  and  has  given  the 
machine  all  the  advantage  we  could  wifii,  as  will 
be  Iten  by  the  defer iption  that  we  are  going  to  give 
of  it. 
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A  hexagonal  tube  *  AB  about  four  feet  and 
a  half  high,  ferves  fometimes  fora  cafe  and  fome- 
times  for  a  bafe  or  ill pp ore  to  fix  other  tubes  : 
The  breadth  of  each  or  the  faces  of  this  great  tube 
is  pretty  n*ear  tr/o  inches  and  it  is  compofed 
of  fix  fmall  planks  either  glued  or  nailed  together  j 
the  perfedion  of  the  machine  confifts  in  thefe  planks 
being  thin  and  of  a  light  wood. 

The  fecond  tube  BC  is  only  different  from  the 
firlt  in  its  fize  ;  it  muft  enter  conveniently  into 
the  other  but  not  wave  in  it,  it  is  longer  than  that 
which  receives  it,  tho’  its  diameter  is  lefs,  by 
which  means  it  may  more  eafiiy  be  taken  out,  or 
which  is  hill  better  the  upper  end  of  each  tube  has 
a  little  rim,  a  fort  of  little  collar,  which  cannot 
enter  into  the  tube  that  ferves  for  a  cafe  to  it ; 
in  the  fecond  tube  there  is  inclofed  a  third  tube 
CD,  in  the  fime  manner  as  the  fecond  is  inclofed 
in  the  firft,  and  fo  on. 

That  the  tube  which  ferves  fometimes  for  a  bafe 
and  fometimes  for  a  cafe  to  ail  the  reft  may  be  fup- 
ported  perpendicularly  to  the  horizon,  there  are 
three  feet  PIHH,  which  like  three  buttrelTes  make 
an  acute  angle  with  the  horizon,  and  are  fupported 
againft  three  of  the  faces  of  the  tube.  The 
manner  in  which  the  feet  fuftain  it  is  very  inge¬ 
nious  ;  a  little  hexagonal  tube  I,  which  is  only  a 
few  inches  high,  like  a  fort  of  ring  furrounds  pare 
of  the  great  tube  between  its  aperture  and  the 
middle*,  it  can  rife  or  fall  freely,  but  is  always 
pretry  near  within  the  bounds  that  we  have  given 
it  ;  for  the  more  convenient  explaining  ourfelvcs 
we  (hall  call  it  a  ring. 

To  this  ring  are  fiftened  with  hinges  three  wood¬ 
en  tringles  HHH  *,  thefe  tringles  are  equal  be¬ 
tween  themfelves,  and  of  the  lame  length  with 

*  Flare  6,  Fig.  13 
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the  great  tube  or  a  little  longer  ;  each  of  them  arc 
faftened  over  againft  a  different  face*,  their  breadth 
is  alfo  almoft  equal  to  that  of  one  of  the 
faces  of  the  fame  tube.  Thefe  three  tringles 
are  the  three  feet  of  the  machine  :  as  they  arc 
held  by  hinges ;  it  is  eafily  imagined  that  by  plac¬ 
ing  the  ring,  to  which  they  are  joined,  between 
the  middle  and  the  upper  end  of  the  great  tube, 
and  giving  it  an  almoft  equal  inclination,  they 
fupport  the  great  tube  on  three  fides,  and  hold 
it  in  a  vertical  pofition. 

But  as  there  might  be  fomc  danger  of  one  of 
the  feet  flipping,  this  has  been  remedied  by  faften- 
ing  with  a  hinge  to  the  extremi'y  of  each  foot  a  lit¬ 
tle  tringle  KKK  of  the  fame  breadth  with  the  foot, 
and  as  long  as  f  or  thereabout  of  the  great  tube; 
this  tringle  is  joined  alfo  by  its  other  extremity 
with  a  ring  L,  like  that  to  which  the  feet  are  fas¬ 
tened  ;  it  is  needlefs  to  fay  that  this  fecond  ring 
alfo  furronnds  the  great  tube,  that  it  rifes  and  falls 
freely,  and  that  it  is  placed  near  the  lower  end  of 
the  tube,  when  we  would  raife  the  machine  per¬ 
pendicularly  ;  it  is  evident  that  in  this  laft  difpo- 
fition  the  three  lower  tringles  hinder  the  three 
feet  from  parting. 

The  manner  in  which  thefe  feet  and  the  trin¬ 
gles  which  hold  them  are  joined  together,  fhew 
that  if  we  raife  the  upper  and  lower  ring  along 
the  great  tube,  we  at  the  fame  time  oblige  the 
feet  and  the  tringles  to  lay  upon  the  tube,  the 
whole  machine  then  takes  up  little  room,  as  ap¬ 
pears  in  the  figure  MILNN,  and  is  fo  light  that 
a  man  may  conveniently  carry  it  under  one 
arm. 

When  we  would  make  ufe  of  it,  we  begin  by 
laying  it  upon  tbs  ground,  or  putting  it  in 
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a  ve^y  inclined  pofition;  we  then  draw  each  tube 
out  of  the  cafe  that  holds  it  as  far  as  is  thought 
r.ecefiary,  and  keep  it  in  the  place  where  we  would 
have  it  remain  in  a  manner  equally  plain  and  con- 
venient ;  for  this  purpofe  M.  Bianchini  has  thouglT£ 
of  making  ufe  of  very  thin  wedges  of  wood, 
thefe  wedges  are  eafily  taken  out  and  as  eafily  put 
in  again  ;  the  advantage  of  this  is  that  we  may 
raife  or  lower  the  machine  when  it  is  prepared, 
according  as  the  elevation  of  the  ftar  requires  ; 
as  it  is  light  there  is  not  much  difficulty  to 
put  it  in  a  vertical  pofition,  and  to  keep  it 
in  that  pofition  we  need  only  unfold  the  feet. 

*  It  might  perhaps  be  feared  that  its  lightnels 
would  diminiffi  its  fteadinefs,  and  this  would 
be  a  well  grounded  fear,  if  we  could  not  ea- 
fily  remedy  this  inconvenience.  In  all  places 
where  ftones  arc  found,  it  is  eafy  to  give  the 
machine  all  neceflary  fteadinefs ;  by  putting  fome 
upon  the  tringles  or  traverfes  which  hold  '  the 
feet,  thus  we  load  it  with  weights  that  we  are  not 
obliged  to  carry  about. 

That  the  great  tube  which  ferves  for  a  bafe  to 
all  the  reft,  may  keep  fteady  in  the  two  rings 
that  fupport  it,  it  is  neceftary  to  pierce  three  holes 
in  the  thicknefs  of  the  upper  ring ;  putting  a  fcrew 
in  each  hole,  and  we  need  only  fcrew  them  to  ad- 
juft  the  tube. 

If  we  apprehend  that  the  point  of  the  ferews 
may  in  time  pierce  the  wood  of  the  tube,  we  may 
cover  this  tube  with  a  band  of  very  thin  iron  oc 
copper,  in  the  place  where  the  ring  turns  when 
'  the  machine  is  raifed.  By  making  a  little  notch 
quite  round  it,  we  may  there  fix  the  band,  and  it 
will  not  flip  above  the  reft  of  the  tube. 

It  is  proper  alfo  to  make  a  rim  at  the  lower  ex¬ 
tremity  of  this  great  tube,  or  to  drive  fome  nails 

into 
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into  k,  to  prevent  tlie  fower  ring  from  fTipjDing  of? 
the  tube  when  the  machine  is  carried  from  one 
place  to  another  ready  mounted. 

We  (ball  not  flay  to  explain  at  length  how  the 
obje<5l  glafs  is  placed  at  the  top  of  this  machine,  it 
may  be  done  different  ways ;  but  that  of  M.  Bi~ 
anchini  is  convenient.  This  ohje6l  glals  is  gene¬ 
rally  lodged  in  a  cylindrical  tube  O,  which  is  not 
above  7  or  8  inches  long  *,  but  this  tube  has  a  fore 
of  tail  P  above  a  foot  long.  This  tail  is  only  a 
wooden  gutter  ;  a  fort  of  tenon  Q^of  thin  wood 
IS  glued  againtt  the  out^-r  furface  ot  the  tube,  to¬ 
ward  the  middle  of  the  length  of  this  tube  there  is  a 
hole  in  this  tenon ;  another  tenon  of  wood  like  the 
former  is  fet  at  7  or  8  inches  dillance,  and  is 
glued  under  the  tail  P  of  the  tube. 

In  the  laft  of  the  hexagonal  tubes  of  the  ma¬ 
chine,  there  is  put  a  piece  of  wood  in  which  is  cut 
a  vertical  notch  ;  this  noth  receives  the  firfl:  of  the 
two  tenons  that  are  faftened  to  the  tube  of  the  ob¬ 
ject  glafs  j  this  tenon  is  held  by  the  means  of  a 
ferew. 

To  the  fccond  of  the  pieces  that  is  fixed  to  the 
tube,  or  rather  to  the  tail  of  the  tube  of  the 
objetfi;  glafs,  is  faftened  a  fmall  packthread. 
This  packthread  is  at  leaft  as  long  as  the  focus  of 
the  glaffes ;  it  ferves  to  mark  the  diftance  that  the 
eye-glafs  muft  be  fixed  at. 

•  This  eye-glafs  is  in  a  tube  V,  like  that  of  the 
obje(ft-glafs,  I  mean  that  has  a  fort  of  gutter  which 
makes  it  a  rail  X,  under  this  tail  the  fecond  end 

of  the  packthread  Y  is  faftened. 

_  ^ 

To  fuftain  the  tube  of  the  eye-glafs,  M.  Bian~  " 
chini  makes  ufe  alfo  of  a  fupport  Za  compofed  of 
tubes  that  Ibut  into  one  another.  He  has  made 
thefe  fquare,  and  might  have  made  them  of  any 

other 
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other  figure,  for  that  is  very  arbitrary,  and  there 
does  not  feem  to  be  any  effendal  reafon  for  making 
the  tubes  that  ferve  for  a  fupport  to  the  objed: 
glafs  of  a  hexagonal  figure  rather  than  any 
other. 

The  fupport  of  the  eye-glafs  is  compofed  of 
three  tubes  •,  the  lafl,  that  is  to  fay  the  lowermoft 
is  terminated  by  a  notch ;  in  this  notch  there 
is  put  a  little  plank  and  this  plank  is  held  in 
the  notch  by  a  fcrew :  the  thicknefs  of  this  plank 
ferves  for  a  foot  to  the  fupport  of  the  eye-glafs : 
this  is  not  a  very  folid  foot,  it  is  however  a  reft, 
becaufe  this  fupport  is  put  in  an  inclined  pofition, 
in  fuch  a  manner  that  it  makes  an  obtufe  angle  , 
with  that  part  of  the  horizon  that  is  between  it  and 
the  fupport  of  the  objed-glafs.  The  packthread, 
one  end  of  which  is  faftened  to  the  tube  of  the  ob- 
jed-glafs,  and  the  other  end  to  the  tube  of  the 
eye-glafs,  holds  the  fupport  of  the  eye-glafs  in  this 
fituation. 

As  to  the  reft,  it  is  eafy  to  fee  of  what  height 
all  the  tubes  together  of  this  laft  fupport  ought  to 
be :  it  muft  be  fuch  that  a  man  Handing  upright, 
or  fetting,  may  apply  his  eye  near  the  glafs. 

All  the  glaffes  with  their  tubes,  and  the  fupport 
of  the  objedt-glafs,  may  be  inclofed  in  a  fmalJ  and 
light  box-,  fo  that  the  fame  man,  who  under  one 
arm  carries  the  fupport  of  the  objed-glafs,  may 
with  the  other,  carry  the  box  that  holds  all  the  reft 
of  the  apparatus:  thus  an  obferver  who  has 
not  near  him  ground  enough,  or  ground  proper 
for  obferving,  carries  when  he  pleafes  into  the 
fields  what  is  ncceffary  for  it,  he  is  in  a  ftate  of 
chufing  the  moft  convenient  grounds  for  his  ob- 
fervatory  ;  he  may  do  it  alone ;  but  it  is  however 
right  to  have  a  perfon  with  him  to  deprefs  or  ele¬ 
vate  fome  of  the  tubes  of  the  great  fupport,  ac¬ 
cording 
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cording  as  the  ftar  afcends  or  defcends,  though  in 
cafe  of  neceffity  he  might  do  the  whole  alone. 

A  high  wind  would  not  be  a  favourable  time 
to  obferve  with  this  machine ;  the  wind  however 
makes  lefs  imprefTion  on  it  than  one  would  ima¬ 
gine. 

VIII.  A  hijlory  of  an  extraordinary  fleeping^ 

by  M.  Imbert. 

Sleep  is  the  moft  melancholy  and  humbling 
ftate  of  man ;  in  health  it  has  bounds  that  nature 
has  the  art  of  prolonging  often  by  habit,  or  con- 
flitution.  Among  animals,  the  dormoufe,  and 
marmottee,  fleep  fix  months  in  the  year  without 
awaking.  A  deeper  of  this  fort  is  a  rare  example, 
the  hiftory  of  which  has  feemed  to  me  to  be  wor¬ 
thy  of  the  enquiry  of  a  philofopher  that  is  a  cu¬ 
rious  obferver. 

A  man  of  about  45  years  of  age,  of  a  dry  and 
robuft  conftitution,  whofe  name  was  who 

drove  the  Rouen  coach,  and  was  a  carpenter  by 
trade,  fell  into  the  diforder  I  am  fpeaking  of  by 
the  following  accident.  He  had  quarreled  with 
a  carpenter  for  whom  he  had  worked  ;  they 
were  parted  juft  as  they  were  going  to  fight,  and 
each  went  his  own  way.  A  little  while  after,  our 
fick  perfon  heard  that  his  adverfary  had  fallen 
from  a  building,  and  was  killed.  This  fatal 
news  feized  him,  he  threw  himfelf  with  his  face 
upon  the  ground,  and  his  fpirits  and  fenfes  grew 
drowfy  infenfibly.  The  26th  oi  April  1713,  he 
was  carried  to  la  Charite^  where  he  remained  till 
the  27th  of  Aug.  of  the  fame  year,  that  is,  4 
months.  The  2  firft  months  he  gave  no  fign  of 
voluntary  motion  or  fenfation  ;  his  eyes  were  ftiuc 
day  and  night ;  he  often  moved  his  eye-lids  *,  his 

re- 
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refpiration  was  always  free  and  eafy,  his  pulfe  was 
fmall,"  and  flow,  but  equal ;  if  you  put  one  of  his 
arms  in  any  fituation  it  remained  there,  (a  difeafe 
that  is  called  a  catalepfy);  but  it  was  not  the  fame 
with  the  refl  of  his  body ;  they  made  him  fwal- 
low  Ibme  fpoonfuls  of  wine  to  fupport  him  ;  and 
this  was  his  only  nourifliment  during  this  time  5 
he  therefore  became  lean,  dry,'  and  emaciated  ;  a 
very  different  ftate  from  that  which  he  was  in  be¬ 
fore,  M.  Burette^  under  whofe  hands  he  was,  at 
firfl:  made  ufe  of  the  moil  powerful  afliftances  of 
art,  bleeding  in  the  arm,  the  foot,  the  neck, 
emetics,  purgatives,*  blifters,  leaches,  and  vo¬ 
latiles,  and  this  without  being  able  to  procure  any 
other  relief  to  him  'than  that  of  talking  very  fenfi- 
bly  to  his  family;  and  the  clergy,  for  an  entire 
day,  after  which  he  fell  again  into  his  fleeping. 
The  two  laft  months  of  his  flay  at  la  Charlie^  he 
by  intervals  gave  fome  marks  of  fenfation,  fome- 
tifnes  prefling  his  wife’s  hand,  and  at  other  times 
by  melancholy  complainings  5  but  this  would 
happen  when  they  had  been  feveral  days  without 
purging  him.  From  this  time  he  ceafed  to  do 
all  under  him;  being  careful  to  turn  himfclf  to  the 
edge  of  the  bed,  where  a  waxed  cloth  was  put  on' 
purpofe,  and  not  to  do'  any  thing  till  he  found 
himfelf  there,  and  then  he  did  his  occafions,  and 
returned  to  his  place  ;  he  began  alfo  to  take  broths, 
pottage,  and  other  fuftinence,*  keeping  flill  his 
firfl  inclinations,  a  great  third  for  wine.  He  ne¬ 
ver  rrtade  any  figns  that  he  wanted  any  thing.  At 
the  times  appointed  for  his  meals,  they  touched 
his  lips  with  their  fingers ;  at  this  fignal  he  open¬ 
ed  his  mouth  without  opening  his  eyes,  and  Aval- 
lowed  what  was  given  him  *,  he  then  lay  flill  ex- 
ped:ing  patiently  a  fecond  notice.  They  fhaved 
Vofr, IV.  N^.  i}4,'  Aaa  him 
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him  regularly,  but  he  was  all  the  time  like  a 
corps  let  upright.  If  he  was  taken  up  after  din¬ 
ner,  they  found  him  in  his  chair  with  his  eyes 
Ihut  in  the  fame  pofture  that  they  had  left  him, 
A  week  before  he^  went  out  of  la  charite^  they 
threw  him  naked  into  cold  water  to  furprife  him. 
This  remedy  furprifed  him  efFedlually  ;  he  open¬ 
ed  his  eyes,  looked  fteadfaftly,  but  did  not  fpeak  • 
at  all.  Jn  this  condition  his  wife  carried  him 
home,  where  he  is  at  prefent :  they  give  him  no 
medicine  *,  he  fpeaks  fcnfibly  enough,  and  mends 
every  day. 

Here  is  a  ftumbling  block  for  a  philofophical 
reafoner  *,  being  always  impatient  to  get  the  ma- 
ftery  of  nature  in  her  moft  hidden  defigns,  he 
lees,  admires,  and  fearches,  and  yet  difcovers 
nothing.  I  fhall  venture  however  to  propofe  to 
the  company  as  conjedfures,  fome  refledlions  that 
^  I  have  made  upon  lo  fingular  a  hiftory.  That 
I  may  reprefent  them  in  order,  I  fhall  firfl  exa¬ 
mine  how  grief  may  produce  this  kind  of  deep  ; 
in  the  fecond  place  I  explain  the  different  altera¬ 
tion  which  have  happened  to  it  *,  in  the  1  aft:  place 
I  feek  for  examples  that  may  have  fome  relation 
to  it.  In  the  firfl  propofition  two  things  are  to  be 
confidered  ;  upon  what  fleep  depends,  and  the 
manner  in  which  grief  adls.  There  are  many 
caufes  that  produce  deep  in  general :  in  the  brain, 
obftru6lion  in  the  glands, comprefiion  or  relaxation; 
from  hence  commonly  proceed  apoplexies,  and 
lethargies  :  in  the  blood,  impoverifhing  of  the 
fpirits;  and  from  hence  proceeds  the  indifpenfa- 
ble  necedity  for  man  to  deep  to  repair  them ; 
Ipirits  too  much  incumbered  by  the  grofs  parts  ; 
and  hence  proceeds  the  difpofuion  always  near  to 
the  deeping  difeafes.  Such  was  the  flate  of  our 
I  pa- 
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patieot  before  he' fell.  A  carpenter  by  profefTion, 
and  a  fot  by  inclination,  qualities  which  common¬ 
ly  furnifh  thick  blood,  the  adlive  principles  of 
which  are  hard  to  be  difengaged  ;  reafon  proves 
ity  and  experience  confirms  it  every  day.  This 
being  fuppofed,  it  remains  to  examin.e  the  man¬ 
ner  in  which  grief  adls.  Grief  is  a  difeafe  of 
the  mind,  one  of  the  moil  terrible  and  moft  fatal, 
rage,  defpair,  fear,  revenge,  and  melancholy, 
are  its  ufuaJ  elfedls.  What  diforders  do  not  paf- 
fions  of  this  nature  produce  in  the  machine  !  Some 
precipitate  the  riiotions  of  the  fpirits  without  or¬ 
der,  whence  phrenfies  arife,  and  -an  infinite  num¬ 
ber  of  acute  difeafes,  others  retard  the  cour'fe  of 
it,  and  therefore  produce  hypochondrical  affec¬ 
tions,  and  the  greateft  part  of  chronical  difeafes. 
I'he  grief  of  our  deeper  is  of  the  laff  fort :  at  the 
'news  of  his  enemy  being  killed,  he  is  feized  with 
terror,  and  fills  himfelr  with  melancholy  ideas  *, 
fear  and  fadnefs  retain  his  fpirits  in  the  brain,  his 
blood  naturally  thick  and  deprived,  if  I  may  ufe 
the  exprelTion,  of  the  .frimum  mobile^  thickens 
more  and  more,  its  parts  draw  clofer,  hang  toge¬ 
ther  and  entangle  the  fpirits ;  hours  of  reft  are  no 
longer  fufficient,  but  whole  months  are  requifite 
to  feparate  a  quantity  of  it  ncceffTary  for  waking. 
In  this  refpedf  1  am  not  afraid  of  comparing  him 
to  the  marmotte :  being  thus  affeep  he  is  its 
true  image.  This  animal,  heavy  by  its  natural 
conftitution  and  dull,  abounds  with  f4t  during  the 
time  of  its  ffeeping  *,  it  takes  no  nourifhment  in 
its  fix  months  fleep  •,  the  fpirits  difengage  them- 
felves  infeiifibly  by  the  motion  alone  of  the  circu-' 
lation  of  the  blood,  and  the  refpiration  which  it 
preferves :  at  the  end  of  this  time  it  awakes  with¬ 
out  any  help;  the  fix  months  that  it  is  awake,  it 

A  a  a  2  eats 


364  T’beHisTo'SLY  andMEUoiK^of  the 

eats  reafonably,  exhaufts  but  little,  its  blood  be¬ 
comes  of  the  fame  fort,  and  it  fleeps  again.  Per- 
haps  from  the  fame  principles,  and  the  fame  rea- 
foning,  we  might  explain  in  a  more  probable 
manner  the  changes  which  happened  to  our  patient 
during  his  fleeping ;  the  twp  firft  months  his  fleep 
was  profound ;  his  blood  in  all  appearance  had 
acquired  the  quality  of  the  blood  of  the  marmottc, 
the  other  two  months  without  opening  his  eyes,  or 
fpeaking ;  he  however  by  intervals,  gave  fome 
figns  of  fenfe.  By  the  exafl  diet  that  he  obferyed, 
the  fpirits  difengaged  themfelves,  and  a  greater 
quantity  of  them  were  feprtrated  ;  the  marmotte 
requires  fix  months,  nature  has  fo  ordered  in 
forming  it  *,  here  it  is  an  accident,  and  may  be  re¬ 
paired  in  Icfs  time.  We  have  a  proof  of  it,  and 
our  patient  grows  better  every  day  ;  it  now  re¬ 
mains  to  feek  for  the  examples  which  may  have 
relation  to  it.  Neither  the  ancient  nor  modern  au¬ 
thors  furnifh  us  with  any.  M.  Homher^vc^d  to  the 
company  in  the  year  1707,  the  extrad  Butch 
letter  printed  at  Goude^  containing  the  hiflory  of 
an  extraordinary  lethargy  ;  it  deferves  to  be  fee 
down  here  as  a  parallel ;  grief  was  the  occafion  of 
it ;  the  (leeping  was  preceded  by  a  melancholy 
affedion  of  three  months.  For  the  length 
of  time  the  Butch  deeper  exceeds  the  French  one, 
he  dept  fix  months  fuccefiively  withoat  interrup¬ 
tion,  and  during  this  time  gave  no  figns  of  vo¬ 
luntary  motion,,  nor  of  fenfe  *,  at  the  end  of  fix 
months  he  awaked  and  difeourfed  with  every  bo¬ 
dy  *,  and  24  hours  after  he  returned  to  deep  again; 
perhaps  he  may  be  adeep  dill,  for  we  have  not 
the  reft  of  this  hiflory.  The  carpenter  in  queftion, 
in  four  months  ficknefs,  had  only  two  of  real  deep, 
but  the  cataleptic  accident,  the  figns  which  he 

pre- 
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preferyed  of  a  man  afleep,  thofe  which  he  gave 
of  a  man  awake,  the  effefts  that  followed  the  bath 
of  cold-water,  are  fo  many  rare  particularities, 
which  render  the  fa61:  worthy  of  the  attention  of  ' 
the  moft  learned  pbilofophers  and  phyficiansj 
my  defign  was  to  have  entered  into  a  particular 
explication  of  all  thefe  accideius,  but  the  fear  of 
being  troublefome  makes  rne  defer  it  to  another 
diflertation. 

•  A  ...  •  %  •  . 
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Philosophical  Discoveries  and  Ob¬ 
servations  in  the  History  of  the 
Royal  Academy  of  Sciences  at 
Paris,  for  the  year  1714. 

« 

1.  On  the  pcijfage  of  air  and  'water  through 

certain  bodies. 

V 

WE  are  commonly  perfaaded,  that  water,’ 
though  more  grofs  than  air,  penetrates 
Certain  bodies,  as  paper,  which  air  does  not.  But 
perhaps  alfo  it  penetrates  them  for  this  very  reafon, 
that  it  is  more  grofs  ;  that  is,  that  it  has  power 
to  make  pafTages  which  air  cannot ;  perhaps  alfo 
air  penetrates  the  fame  bodies  as  water,  but  with¬ 
out  being  perceived  ;  for  it  is  very  dangerous  in 
philofophy  to  fuppofe  fads  which  are  not  ftridly 
proved,  and  we  are  generally  miftaken  in  them. 

M.  de  Reaumur  has  thought  of  a  very  fimple 
and  infallible  rnethod  of  being  fure  of  thefe  fads 
and  all  others  of  the  fame  nature.  The  quickfil- 
ver  keeps  fufpended  ,in  the  barometer,  only  be- 
caufe  the  tube  is  fo  exadly  clofed  at  its  upper  ex¬ 
tremity,  that  no  air  can  enter.  If  any  fbould  en¬ 
ter,  the  quickfilver  would  immediately  fall  in' 
'  proportion  to  what  got  in,  and  if  it  entered  by 
little  and  little,  the  quickfilver  would  alfo  fall  by 
degrees,  till  at  laft  it  was  quite  upon  a  level.  If 
inftead  of  air  k  was  water  that  entered  into  the  ba¬ 
rometer 
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iometer,  the  quickfilver  would  Hill  fall  according 
to  the  weight  of  this  quantity  of  water.  We 
know  how  much  the  quickfilver  ought  to  fall  for 
a  determinate  quantity  of  both,  and  reciprocally 
by  the  quantity  of  its  falling  we  know  how  much 
of  either  got  in.  But  if  both  entered,  the  water 
being  vifible,  we  know  how  much  air  muft  have 
got  in  to  make  the  total  effecS.  It  is  evident 
that  we  mull  always  conlider  how  much  the  quick¬ 
filver  ought  to  fall  independantly  on  the  entrance 
of  the  air,  or  water,  by  the  foie  variation  which 
would  happen  to  the  barometer  at  the  time  of  thcfe 
experiments. 

This  being  fuppofed,  we  need  only  clofe,  as 
M.  de  Reaumur  has  done,  that  extremity  of  the 
barometer,  which  is  to  be  uppefmoft,  with  the 
matter  which  is  to  be  examined  whether  it  is  pe¬ 
netrable  by  air;  if  the  quickfilver  finks  in  the  tube 
independantly  on  the  diminution  of  the  weight  of 
the  atmofphere,  we  lhall  be  fure  that  fome  air  has 
got  in,  which  muft  have  penetrated  the  fubftance 
which  ftopped  the  end  of  the  tube.  And  this  fort 
of  proof  has  this  advantage,  that  the  air  adting  on¬ 
ly  by  its  gravity  againft  what  ftops  the  tube,  and 
this  gravity  being  a  known  force,  equal  to  28 
inches  of  quickfilver,  we  know  it  is  this  entire 
force  which  at  firft  caufes  the  air  to  enter,  fince 
the  top  of  the  tube  is  perfedlly  void,  and  inclofes 
no  air  that  refifts  the  outer  air.  If  the  air  continues 
to  enter,  we  know  by  the  quantity  which  is  al¬ 
ready  entered,  and  which  is  known  by  the  fill¬ 
ing  of  the  quickfilver,  how  much  the  force  which 
drove  it  is  diminifhed,  and  if  the  quickfilver  at 
laft  comes  to  a  level,  we  fee  that  the  leaft  force  is 
capable  of  making  the  air  pafs  through  the  bo¬ 
dy  under  examination.  We  fee  alfo,  which  is 
very  confiderable,  what  are  the  different  times,’ 
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in  which  this  force  continually  decreafing  has  oc- 
cafion  to  adl  according  to  its  different  decreafings. 
But  if  the  queftion  is  about  water  inflead  of  air, 
or  about  both  together,  M.  de  Reaumur  has  con¬ 
trived  to  make  with  a  certain  compofition,  impe¬ 
netrable  by  air,  a  little  rim  raifed  above  the  tube, 
by  means  of  which  he  has  a  little  vefiel,  into  which 
he  pours  the  quantity  of  water  defired,  and  the 
fame  reafonings  follow. 

I  (hall  -now  mention  the  refult  of  the  experi¬ 
ments  which  he  has  made  upon  thefe  principles. 

Air  paffes  through  paper  even  the  thickeft,  but 
lefs  quick. 

Let  the  impelling  force  be  ever  fo  little, it  paffes 
but  more  flowly. 

If  paper  be  ever  fo  little  wetted,  the  air  does  not 
pafs  through,  it  begins  to  pafs  again  as  foon  as  the 
paper  is  dry ;  1  f  we  would  have  it  continue  wet, 
itmuft  be  rubbed  with  oil. 

Air  pafles  pretty  freely  through  old  parchment. 
It  does  not  pafs  when  it  is  wet. 

It  is  known  that  water  penetrates  the  bladders  of 
feveral  animals  from  without  inwards,  and  not 
from  within  outwards.  Air  feldom  penetrates  a 
hog’s  bladder,  when  its  inner  furface  isexpofed  to 
it;  and  when  it  does  penetrate  it,  it  is  with  an  ex¬ 
treme  flownefs,  efpecially  when  it  is  impelled  but 
by  a  fmall  force. 

Air  does  not  penetrate  a  hog’s  bladder  by  its 
outward  furface,  but  water  penetrates  it,  tho* 
pretty  flowly. 

There  palfes  with  the  water  a  very  fmall  quanti¬ 
ty  of  air,  which  proves  both  that  water  may  pafs 
where  air  does  not,  and  that  when  it  does  pafs,  it 
is  by  opening  itfclf  paffages,  thro’  which  air  takes 
the  advantage  of  accompanying  it. 


Water 
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Water,  tho*  impelled  only  by  a  little  force,  pe¬ 
netrates  the  inner  furface  of  the  bladder,  which  it 
does  not  penetrate  in  the  living  animal,  but  this 
is  becaufe  it  is  not  then  impelled  by  any  force, 
fince  thefc  two  furfaces  are  equally  prelTed  by  the 
inward  and  outward  air  :  Thence  M.  de  Reaumur 
concludes,  that  membranes  of  our  body,  which  in 
their  natural  ftate  are  not  penetrable  by  certain  li¬ 
quors,  will  become  fo  when  an  extraordinary  rare- 
fadlion  of  air  fhall  caufe  them  to  be  lefs  comprefled 
by  one  of  their  furfaces  than  by  the  other.  We  fee 
by  this  example,  that  yi.de Re aumurh  experiments, 
which  might  naturally  be  ufeful  in  the  arts,  will  be 
fo  alfo  in  medicine,  and  this  unforefeen  ufe  may 
give  us  reafon  to  expe(ft  more. 

II.  Of  fome  extraordinary  effects  of  thunder. 

The  Chevalier  de  Louville.,  being  at  Never 
obferved  fome  remarkable  effedls  of  a  violent  ftorm 
of  thunder  there  ;  a  tree  of  the  park  of  the  caftle, 
was  fplit  into  three  at  the  top  of  the  trunk,  and 
had  three  furrows  of  unequal  bignefs  made  in  the 
wood,  juft  as  if  three  musket  balls  had  been  fhoc 
from  the  top  of  the  tree  towards  the  root ;  the 
tree  was  barked  on  one  fide  from  about  the  middle 
quite  to  the  bottom  ;  tho’  it  was  crooked,  yet  the 
three  ftrokes  followed  the  bendings  exadlly,  Hiding 
continually  between  the  wood  and  the  bark,  both 
in  the  upper  part  of  the  trunk  which  was  ftill  co¬ 
vered  with  bark,  and  in  the  lower  part  which  was 
covered  but  on  one  fide  ;  but  what  was  moft  re¬ 
markable  was,  that  the  wood  was  not  blackened  at 
all,  and  had  no  fign  of  burning. 

Upon  this,  the  chevalier  de  Louville  explains 
how  thunder  can  have  great  effedls  without  burn-» 
ing  *,  it  is  certain  in  the  firft  place,  that  it  has  great 
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ones  upon  animals,  and  that  when  it  falls  pretty 
near  them,  the  fulphurous  vapour  alone  is  fuffi- 
cient  to  take  away  their  breath  and  kill  them,  with 
out  the  appearance  of  any  hurt  or  bruife  upon 
their  whole  body.  But  as  for  the  tree,  there  muft 
be  another  caufe  ;  M.  de  Louvtlle  thinks  that 
when  the  thunder  falls  from  fuch  a  height,  that  its 
flame,  is  difllpated  before  it  can  reach  the  earth, 
the.  air  being  violently  driven  by  the  impetuous 
nlotion  of  this  flame,  and  confequently  condenfed 
in  an  extraordinary  manner,  becomes  a  fort  of 
hard  body,  of  which  the  fliock  muft  have  a  great 
deal  of  force. 

Hence  alfo  he  explains  another  clap  of  thunder, 
the  effe61:s  of  which  he  faw  at  Nevers,  the  fame 
day.  There  was  a  faggot  upon  the  two  dogs 
laid  in  the  chimney  in  order  to  be  kindled,  the 
thunder  fell  down  the  chimney  and  broke  the  fag¬ 
got  'into  a  hundred  thoufand  bits,  without  fetting 
fire  to  it,  or  fo  much  as  blackening  it;  pro¬ 
bably  the  funnel  of  the  chimney  confining  the 
courfe  of  the  air,  had  alfo  augmented .  the  impe- 
tuofityofit.  '  ;  '  •  ^ 

On  this  occafion^  it  was  faid,  that  the  kindled 
matter  which  forms  the  thunder,  may  come  out 
of  the  cloud  in  a  fmall  quantity,  and  afterwards 
find  in  the  air  a  great  deal  of  matter  of  the  fame 
nature  and  kindle  it,  for  then  the  air  is  extremely 
loaded  with  fulphurous  exhalations.  Perhaps 
this  is  partly  the  reafon  why  lightning  crinkles, 
for  it  is  feeking  in  the  air  for  a  nourifliment  which 
is  irregularly  difperfed. 


III. 
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HI.  Of fome  petrified fells found  at  a  confder-^ 
able  di fiance  from  the fea. 

M  de  Lagny  has  feen  In  Poitou  fome  petrified 
ihells  very  well  preferved,  v/hich  were  found  8 
or  10  feet  deep  in  the  ground,  upon  fome  hills  10 
or  1 2  leagues  from  the  fea  ;  there  were  among 
thefe  (hells  feveral  cornua  ammonis.  He  faw  al- 
fo  a  field  quite  covered  with  oifter  (hells  as  large 
as  plates. 

IV.  Of  the  American  rat^  ^Jrmus  alpinus. 

M.  Sarrafm  phyfician  at^^^^^^f,from  whom  wc 
have  had  an  exacfi:  and  curious  hiftory  of  the  bea¬ 
ver  in  the  memoirs  of  *  1 704,  has  fent  one  of  the 
American  rat^  which  is  very  like  that  which  Mr. 
Ray  has  defcribed  under  the  name  of  mus  alpinus, 
Italfo  fo  much  refembles  the  beaver,  thatM.  Sar- 
rafin^  who  knows  them  very  well,  fays  he  (hould 
take  it  at  firft  fight  for  a  beaver  of  three  or 
four  months.  That  which  he  diffedled  weighed 
four  pounds;  we  (hall  not  enter  into  the  anatomical 
particulars. 

This  rat  is  of  the  clafs  of  animals  that  gnaw.  In 
March^  when  the  fnow  that  always  falls  abundantly 
in  North  America^  is  not  entirely  melted,  it  goes 
out  and  lives  upon  pieces  of  wood  that  it  breaks; 
after  the  melting  of  the  fnow,  it  commonly  lives 
upon  the  roots  of  nettles,  afterwards  upon  the 
ftalks  and  leaves  of  that  plant,  and  in  fummer 
upon  (trawberries  and  rafpberries,  its  nourilh- 
ment  grows  continually  more  delicate.  A  little 
while  after  its  going  abroad  It  thinks  of  multi¬ 
plying  its  fpecies  ;  they  go  freely  together  ’till 
autumn,  and  at  the  beginning  of  winter  they  fe-^ 

*  Vol.  II.  Page  1 81  of  this  abridgment. 
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parate,  and  rake  up  their  lodging  each  in  its  hole, 
in  fome  hollow  tree,  without  any  provifions.  This 
is  what  the  favagcs  relate,  who  a(tcording  to  M. 
Sarrafin^  obfervethe  nature  of  animals  pretty  well, 
which  is  the  only  part  of  philofophy  with  which 
they  are  acquainted. 

To  make  the  long  time  which  the  American  rat 
mull  live  without  nourifhrnent  more  probable,  M. 
Sarrafm  relates  that  at  Quebec^  he  chained  a  bear 
fall  under  fome  planks  covered  with  fnow,  from 
J^ovember^  and  that  in  April  when  the  fnow  was 
melted  it  was  found  there  alive  and  well. 

‘  V.  0?t  the  effcB  of  the  fiphon  in  vacuo. 

A  bent  tube  or  fiphcn  being  put  into  a  veflel  full 
of  water,  by  one  of  iis  branches,  which  I  call  the 
firft,  and  the  other  confequently  the  fecond,  it  is 
plain  that' the  prefliire  of  the  exterior  air  upon  the 
water  'of  the  veffei  muft  not  make  it  rife  in  the 
branch,  becaufe  this  branch  is  filled  with  an  air 
that  prefles  the  water  which  anfwers  to  it,  and 
oppofes  itfelf  to  its  elevation  with  a  force  equal  to 
that  of  the  exterior  air.  The  air  contained  in  the 
fecond  branch  has  alfo  the  fame  a^lion  as  that  of 
the  firft,  and  oppoles  itfelf  in  like  manner  to  the 
elevation  of  the  water ;  but  if  we  go  to  fuck  at  the 
end  of  the  fecond  branch,  we  draw  the  air  of  both 
and  diminifh  the  quantity  of  it;  and  confequently 
the  exterior  air,  which  prefles  upon  the  water  of 
the  veflel  -becomes  the  ftrongeft,  and  makes  the 
water  rife  in  the  firft  branch,  from  whence  it  pal- 
fes  into  the  fecond. 

If  we  leave  off  fucking,  we  muft  in  order  to 
know  what  will  happen,  determine  the  length  of 
the  fecond  branch  with  regard  to  that  of  the 
firft.  The  air,  which  tends  to  enter  again  into 

the 
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the  fecond  branch,  and  from  thence  into  the  firft, 
has  in  this  tendency  or  adlion  the  whole  force  of 
the  weight  of  the  atmofphere,  minus  that  of  the 
column  of  water  contained  in  the  fecond  branch, 
which  a6ts  againft  it.  On  the  other  fide,  the  ex¬ 
terior  air  which  elevates  the  water  in  the  firft 
branch,  has  the  whole  force  of  the  weight  of  the 
atmofphere,  minus  that  of  the  column  of  water 
contained  in  the  firft  branch,  the  elevation  of  which 
exhaufts  a  part  of  its  force.  Thus  here  are  two 
forces  equal  in  themfelves,  but  both  weakened  by 
the  circumftances  and  a<51;ing  one  againft  another ; 
if  they  are  equally  weakened,  that  is,  if  the  two 
branches  of  the  fyphon  are  of  the  fame  length, 
there  will  be  an  equilibrium ;  and  confequently 
as  foon  as  we  leave  fucking,  the  water  will  ceafe 
rifing  in  the  firft  branch,  and  going  out  by  the 
fecond.  Much  more  will  this  eftedl  happen,  if  the 
fecond  branch  is  thefhorteft,  and  by  the  contrary 
reafon  the  water  will  continue  to  go  out  by  the 
fecond  branch,  if  that  is  the  longeft,  as  it  always 
is  in  the  fyphons,  which  are  intended  only  for  this 
ufe. 

The  weight  of  the  air  therefore  is  the  caufe  of 
the  effedf  of  the  fyphons,  and  no  phiJofopher  dif- 
putes  it ;  the  fyphons  alfo  being  put  into  motion 
in  the  free  air  yield  the  water  more  flowly  in  the 
pneumatic  machine,  in  proportion  as  we  pump  out 
the  air,  and  aclaftquite  ftop  when  the  air  is  pump¬ 
ed  out  as  much  as  it  can  be.  If  we  place  them  a- 
gain  in  the  free  air  they  do  not  begin  to  flow,  un- 
lefs  we  fuck  them  anew,  and  it  evidently  muft  be 
fo,  becaufe  they  are  in  the  fame  cafe  as  if  they  had 
never  flowed. 

M.  Homberg  however  has  obferved  that  certain 
fyphons,  which  had  ftopped  in  the  vacuum^ 
had  begun  again  to  flow  of  themfelves,  as  foon  as 
l  they 
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they  were  fet  again  in  the  free  air ;  thefe  have  a 
very  fmall  diameter,  as  about  j-  of  a  line:  now 
what  force  muft  that  be  which  puts  them  in  mo¬ 
tion  again  as  foon  as  they  are  in  the  free  air  ? 

When  they  were  firfl:  there  they  emitted  the  wa¬ 
ter  drop  by  drop,  and  at  the  diftances  of  about  'i. 
feconds,  whereas  the  others  of  a  greater  diameter 
emit  it  in  continued  threads  of  an  equal  diameter 
to  that  of  the  feoind  branch.  This  difference 
comes  from  the  very  fmall  fyphons  being  full  of 
water  as  foon  as  they  are  wetted,  in  their  inner 
furface,  a  drop  of  water  which  wets  a  fmall  part 
of  this  furface,  joins  itfelf  to  the  drop  of  water 
which  is  overagainft  it,  and  this  by  a  certain  vifci- 
dity,  which  naturaliffs  acknowledge  to  be  in  wa¬ 
ter.  When  thefe  fyphons  are  in  the  free  air,  and 
are  once  moiftened  by  the  water,  which  has  paffed 
through,  that  their  motion  may  be  continued,  the 
weight  of  the  air  muft  furmount  not  only  the 
weight  of  the  water  which  it  has  raifed,  but  the 
vifcidity  of  it  alfo,  which  is  performed  only  by 
a  certain  quantity  of  water  colledled,  and  confe- 
quently  with  a  certain  time,  and  thence  it  comes 
that  thefe  fyphons  flow  only  drop  by  drop  and  at 
feveral  times.  Each  drop  that  comes  out  partly 
falls,  becaufe  it  is  impelled  by  the  weight  of  the 
upper  drops.  When  we  put  thefe  fyphons  in  va¬ 
cuo,  not  only  the  weight  of  the  air  a6ts  continually 
lefs  and  lefs,  and  at  laft  ads  no  longer,  but  alfo 
the  air  contained  in  the  water  is  extended,  becaufe 
it  is  no  longer  preffed  by  the  outward  air  ;  it  dif- 
engages  itlelf  from  within  the  water,  and  forms 
great  bubbles,  which  interrupt  the  feries  of  the 
drops  of  water,  with  which  the  two  branches 
were  moiftened  and  filled  *,  and  thofe  which  are 
at  the  extremity  ofthefecond,  have  no  longer  a 
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fufficient  weight,  and  are  no  longer  fufficiently 
prefTed  by  the  others  to  make  them  fall.  If  we 
replace  the  fyphons  in  the  free  air,  the  air  which 
was  extended  is  obliged  to  refume  its  firft  bulk, 
the  drops  of  water  which  it  no  longer  keeps  fe- 
parate  fall  again,  the  upper  upon  the  lower  ones, 
and  the  fyphon  begins  to  flow  again  as  fail  as  it  is 
wetted,  but  always  drop  by  drop,  and  always  more 
flowly,  and  does  not  ceafe  ’till  its  fccond  branch 
is  dry,  at  leaft  to  a  certain  point. 

It  follows  from  this  explication,  that  if  water 
was  without  air  inclofed  in  its  interflices  a  very 
fmall  fyphon  would  continue  to  flow  in  vacuo^ 
as  long  as  it  was  wet.  This  is  alfo  what  M.  Horn-- 
herg  has  experimented  with  water  freed  from  air, 
whether  becaufe  it  had  been  made  to  boil  well,  or 
becaufe  it  had  been  put  intbthe  pneumaticmachine, 
pheenomtnon^  which  feems  at  firfl:  fight  fo 
contrary  to  the  fyftem  of  the  weight  of  the  air, 
agrees  perfectly  with  it,  and  is  a  neceflfary  confe- 
quence  of  the  fpring  of  the  air  ftretched  by  its 
gravity. 

It  is  eafy  to  forefee,  that  if  for  the  experiment  of 
the  capillary  fyphons,  we  make  ufe  of  liquors 
which  contain  more  air,  or  air  which  difengages 
itfelf  more  eafily,  fueh  as  fermented  liquors,  the 
fyphons  will  flop  fooner  in  the  vacuum^  alfo,  all 
the  reft  being  equal,  they  muft  flop  fooner  in  win¬ 
ter  than  in  fummer,  for  in  winter  the  air  is  more 
difpofed  to  difengage  itfelf,  fince  in  frozen  liquors 
it  is  full  of  great  bubbles  *,  we  fhall  judge  alfo  by 
this  experiment,  that  fat  liquors,  as  oil  or  milk 
contain  lefs  air,  or  air  more  engaged,  for  with 
thefe  liquors  the  fyphons  do  not  flop  in  the  vacuum 
in  any  time  whatfoever. 


VoL.  IV.  N‘^44« 


C  c  c 


VI- 


5^8  History  Memoirs 

VI.  On  the  greateflpofftble  perfection  of  ma^ 
chines  fjioved  by  animals. 

Mcchanicks  can  do  nothing  more  ingenious  and 
more  ufeful  at  the  fame  time,  than  to  determine 
how  far  they  may  be  ufeful,  and  in  what  bounds 
all  the  advantages  which  they  promife  are  contained. 
All  poflible  machinesare  moved  either  by  animals 
or  by  fluids,  which  are  made  to  work  infliead  of 
animals  *,  thofe  of  the  laft  fort  have  already  been 
examined  by  M.  Parent^  and  now  he  examines 
thofe  of  the  firfl:. 

'  An  effedl  of  a  machine  can  never  be  greater  than 
the  natural  and  Ample  effedf  of  the  power  which 
moves  the  machine.  Thus  if  the  natural  effe6l  of 
the  force  of  a  man  is  to  raife  24  pound,  by  going 
1000  toifes  in  an  hour,  and  of  a  horfe  to  raife 
1 70  pound,  by  going  1800  toifes  in  an  hour,  a 
machine  moved  by  a  man  or  by  a  horfe  could  ne¬ 
ver  do  more  let  it  be  compounded  with  ever  fo 
much  art,  and  it  would  even  be  much  lefs  becaufe 
of  the  inevitable  frictions,  but  we  do  not  confider 
them  here.  The  effecSi:  of  the  machine  moved  by 
a  man  will  therefore  never  be  more  than  the  pro¬ 
duct  of  24  pounds,  by  a  1000  toifes  of  velocity 
in  an  hour,  or  the  produdf  of  24  by  1000,  in 
what  manner  foever  this  produ6t  is  formed  by  the 
weight  and  by  its  velocity;  for  it  is  always  the 
fame  quantity  of  motion,  and  thence  it  follows, 
that  a  man  going  1000  toifes  in  an  hour,  may 
raife  a  weight  of  24000  pounds,  provided  this 
weight  goes  but  one  toife  in  the  fame  time,  and 
it  is  the  fame  with  all  the  other  infinite  ways 
by  which  the  produd  240C0  may  be  formed. 
The  mechanical  effed  therefore  .has  necefTarily  for 
a  limit  the  natural  effed  of  the  power  which  moves 
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the  machine,  and  indeed  it  is  impofTible  to  draw 
a  new  force  from  nothing.  If  we  would  have  a 
man  going  1000  toifes  in  an  hour  raife  24  pound, 
it  is  beft  not  to  ufe  any  machine,  but  if  we  would 
have  him  raife  more  than  24  pound,  there  muft 
be  one,  which  preferving  to  the  man  his  naairal 
velocity,  diminilhes  that  of  the  weight  in  propor¬ 
tion  as  it  is  bigger  :  the  whole  comes  to  this,  the 
different  arms  of  the  lever,  by  which  either  the 
power  or  the  weight  a6l  in  machines,  only  regulate 
their  velocities,  and  always  reprefent  them  geo¬ 
metrically. 

When  therefore  we  have  a  machine  moved  by 
animals,  which  raifes  a  weight,  its  effedl  being  the 
product  of  the  weight  by  the  velocity  which  the 
machine  gives  it,  there  is  nothing  more  eafy  than 
to  compare  this  effedl  with  the  natural  effect  of  the 
animals,  and  thereby  to  fee  how  much  it  islefs,  for 
it  is  always  fo  becaufe  of  the  fridtions  *,  the  more 
the  machinal  effedl  fhall  approach  to  the  natural, 
the  more  perfect  will  the  machine  be. 

If  animals  draw  one  or  more  boats,  the  obftacle 
which  they  have  to  overcome  is  the  reliftance  of 
the  water,  the  greatnefs  of  this  refiftance  depends, 

I  ft,  on  the  greatnefs  of  the  furface  which  pufhes 
the  water  before  it.  2d.  on  the  velocity  of  this  fur- 
face  with  regard  to  that  of  the  water,  which  is  cal¬ 
led  the  refpective  velocity  of  the  furface  :  If  it  is 
moved  the  fame  way  with  the  water,  its  refpedlive 
velocity  is  the  excefs  of  its  velocity  above  that  of 
the  water  •,  if  it  is  contrary  to  the  water,  its  ref- 
pedlive  velocity  is  the  fum  of  its  velocity,  and  of 
that  of  the  water ;  if  the  water  has  no  velocity, 
as  that  of  a  pond,  then  the  refpedtive  velocity  of 
the  furface  is  its  proper  and  abfolute  velocity. 
Now  it  muft  be  remembred,  that  becaufe  we  are 
confidering  a  moved  fluid,  we  ought  to  take  the 
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fquare  of  the  refpcdlive  velocity.  3d.  The  refif- 
tance  of  the  water  depends  on  its  weight,  or  on 
its  mafs,  for  it  is  plain  that  the  fame  furface  mo¬ 
ved  in  the  air  with  the  fame  refpedlive  velocity, 
would  find  lefs  refiftance  than  in  water. 

The  obftacle  which  animals  have  here  to  over¬ 
come  is  therefore  the  produ61:  of  thefe  3  magni¬ 
tudes,  the  weight  or  mafs  of  water,  the  furfacc 
moved  in  the  water,  and  the  fquare  of  its  refpeeflive 
velocity:  yi.  Parent  concludes  from  feveral  ex¬ 
periments  made  by  skilful  mathematicians,  that 
the  water  of  the  Seine  ftriking  againft  a  furfacc 
of  a  foot  fquare,  with  a  velocity  of  a  foot  in  a 
fecond,  has  a  force  of  22  ounces  *,  it  now  remains 
to  know,  what  fhall  be  the  furface  that  the  boats 
fhall  prefent  to  the  water,  the  difficulty  is  that 
their  furfaces  are  crooked,  and  may  be  differently 
crooked  in  each.  But  M.  Parent  fhews  a  very 
eafy  way  of  making  them  all  equal  to  a  plain  fur¬ 
face,  I  mean  the  furfaces  im merged  in  the  water, 
which  muft  pufh  it  before  them  or  bear  its  refif¬ 
tance  i  we  need  only  put  upon  the  end  of  a  port: 
in  the  middle  of  the  river  a  fixt  pulley,  over  which 
paffes  a  cord,  one  end  of  which  is  fafiened  'to  the 
boats  that  we  would  draw,  and  the  other  to  a  great 
fiat  table,  plunged  in  the  water  by  degrees,  ’till 
it  receives  a  fufficient  imprrffion  to  be  driven  ac¬ 
cording  to  the  ftream,  and  thereby  obliges  the 
boats  to  move  in  order  to  rife  again  ;  it  is  cer¬ 
tain  the  part  of  the  table  immerged  in  the  water, 
will  be  a  furface  equal  tothofe  of  all  the  boats  to¬ 
gether,  which  have  the  refiftance  of  the  water  to 
liif mount,  there  will  be  as  many  times  22  ounces 
of  force  in  the  v/ater,  as  fquare  feet  in  this  fur¬ 
face. 

Wc  fhall  therefore  have  the  refiftance  of  the  win¬ 
ter  expreffed  in  a  certain  number  of  pounds,  adling 

with 
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with  a  velocity  of  a  foot  in  a  fecond  againft  a  fur- 
face  of  a  certain  number  of  fquare  feet.  Here  is 
what  the  effort  of  the  animals  mull  equal  in  the 
ftate  of  equilibrium^  here  is  what  they  muft  fuftain 
out  of  the  equilibrium^  here  is  the  refiftance  they 
mud  furmount  to  draw  the  boats,  and  as  they 
will  imprefs  a  certain  velocity  upon  them,  which 
will  augment  the  refiftance  of  the  water,  which 
the  animals  will  have  to  overcome,  it  will  be  the 
weight  of  22  ounces  taken  as  many  times  as  there 
are  fquare  feet  in  the  flat  furfaceof  the  experiment, 
and  multiplied  by  the  fquare  of  the  refpedlive  ve¬ 
locity  of  the  boats;  and  it  is  plain,  that  this  pro- 
dudt  can  never  be  greater  than  the  natural  effort  of 
the  animals,  as  we  have  determined. 

If  it  is  a  running  water,  its  velocity  enters  into 
the  expreffion  of  the  refpedive  velocity  of  the  boats, 
whether  they  go  up  or  down,  and  as  this  velocity 
is  determined,  that  of  the  Seine^  for  example,  to 
be  one  foot  in  a  fecond,  there  is  a  determinate 
quantity  which  enters  into  the  refiftance  of  the  wa¬ 
ter,  and  confrquently  requires  that  a  certain  part 
of  the  force  of  the  animals  fliould  be  determined 
alfo.  All  the  reft  almoft  is  free,  that  is,  we  may 
vary  the  force  of  the  animals  as  we  will,  and  the 
oppofite  charge,  which  is  the  fum  of  the  furfaces 
of  the  boats  im merged  in  the  water.  If  the  charge 
remaining  the  fime  the  force  of  the  animals  di- 
minifhes,  or  which  is  the  fame  thing,  their  fium- 
ber,  for  we  muft  fuppofe  that  they  always  go  with 
the  fame  velocity,  or  if  the  force  of  the  animals 
remaining  the  fame,  we  augment  the  immerged 
furfaces  of  the  boats,  either  by  augmenting  their 
number  or  loading  them  more,  it  is  plain  that  in 
thefe  two  cafes  the  bo  its  will  go  more  flowly.  But 
•if  the  water  is  ftill,  the  refpedive  velocity  of  the 
boats  being  no  more  than  their  proper  velocity, 
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and  the  determined  velocity  of  the  water  making 
no  longer  a  part  of  it,  then  all  is  free,  and  we  may 
draw  as  great  a  number  of  boats,  or  as  much  load¬ 
ed  as  we  will,  with  as  fmall  a  force  as  we  will,  on 
condition  that  the  boats  lhall  go  very  flowly,  and 
this  is  only  what  is  continually  found  in  all  me- 
chanicks. 

If  the  animals  which  draw  the  boats  are  applied 
to  a  machine  fixed  upon  the  fhbar,  as  M.  Parent 
fiippofes,  this  machine  will  furnifh  the  arms  of  a 
'  lever,  one  of  which  will  belong  to  the  animals, 
and  the  other  to  the  oppofite  charge  or  load,  the 
proportion  of  which  will  repreient  that  of  the 
velocity  of  the  animals,  to  the  velocity  of  the 
boats. 

But  if  inflead  of  a  machine  fixt  upon  the  fhoar, 
we  make  ule  of  a  machine  carried  upon  the  boats 
themfelves,  which  can  be  only  a  double  mill  taft- 
ened  on  the  outfide  to  the  two  fides  of  the  firft  boat 
which  will  draw  the  reft,  then  the  water  afting  a- 
gainft  the  fails,  or  vannsor  floatsofeach  mill, and  ob¬ 
liging  the  cord  drawn  by  the  animals  to  turn  about 
a  roller,  will  imprefs  on  the  boats  a  motion  added 
to  that  which  the  animals  imprefs  on  it. 

.Ii>  ali  cafes  whatfoeyer,  M.  ParenPs  theory 
gives  him  a  fure  mean  to  find  any  magnitude  what- 
•  fbever,  that  enters  into  the  moving  force  or  the 
load  oppofed,  when  the  other  magnitudes  (hall  be 
given  or  known.  It  is  only  a  calculation,  but 
.  it  fometimes  requires  art  and  delicacy  in  the  appli¬ 
cation,  and  thence  it  comes  to  have  its  particular 
beauty. 

II.  Of  a  ncuD  theory  of  the  ^ueorking  of  veffels^ 

This  year  there  appeared  a  new  book  of  M. 
Bernoull:^  intitled  an  effay  towards  a  new  theory 
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of  the  working  of  veflels,  the  firfl  and  only  one 
that  has  hitherto  come  out  of  his  hands  ;  for  he 
has  contented  himfelf  withdifperfing  either  in  our 
memoirs,  or  in  the  Leipjic  a6ls,  different  detached 
pieces,  each  of  which  is  equal  in  value  to  many  a 
great  book.  The  occafion  of  this  work  was  the 
theory  of  the  working  of  vejjels  by  the  Chevalier 
RenaUy'^r\v\tQ(\  in  16B9,  when  it  appeared,  M. 
Huygens  had  a  confiderable  difficulty  withM. 
nau  on  a  fundamental  point.  As  thefe  fub)e<5fs 
do  not  belong  to  pure  geometry,  but  depend  on  a 
very  nice  mixture  of  geometry  and  phyficks,  and 
befides  as  this  was  quire  new,  and  as  M.  RenM 
was  the  firft  who  ventured  to  touch  upon  it,  it 
was  no  wonder,  that  there  fhould  (fill  remain  fome 
difficulties  to  clear  up,  or  even  that  the  geome-  ' 
tricians  fhould  be  divided  about  it :  and  indeed 
they  were  divided,  for  fome  were  for  M.  Huygens^ 
others  for  M.  RenaUy  and  among  thefe  laft  was 
M.  Bernoulli^  who  not  having  feen  M.  Renau^s, 
book,  judged  of  the  difpute  only  as  it  had  been 
explained  to  him  by  the  Marquis  de  VHopital ;  a 
long  time  afterwards  he  faw  the  book  and  altered 
his  opinion,  but  he  flill  found  himfelf  in  oppofition 
to  M.  Renau  on  another  important  point,  which 
M.  Huygens  had  not  taken  the  pains  to  confider, 
or  elfe  had  been  convinced  of  it,  and  as  the  alte¬ 
ration  of  thefe  two  points  make  a  different  theory 
from  that  of  M.  Renau^  much  lefs  fimple  indeed 
and  more  embarraffing,  but  according  to  M.  Ber¬ 
noulli  necelTary,and  by  itsgreat  very  difficulty  more 
inciting  to  a  great  geometrician,  he  refolved  to 
make  a  complete  work  of  it.  We  fhall  give  an 
account  of  it,  as  if  it  was  the  only  one  that  had 
been  compofed  on  this  fubjedf',  and  without  entring 
into  eithpr  fide  of  the  controverted  points,  we  fhall 
only  give  fome  preliminary  or  general  informations 
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which  will  facilitate  the  iinderflanding  of  the  book, 
for  in  order  to  a  more  large  difcufJlon,  the  book 
itfelf  ought  to  be  confulted. 

Suppofe  a  velfel  at  reft  with  its  faH,  which  is 
fuppofed  to  be  flat,  and  continues  always  fo  not- 
withftanding  the  action  of  the  wind  ;  this  veflTel 
being  impelled  by  the  wind  in  a  firft  inftant,  takes 
at  prefent,  becaufe  of  its  great  bulk,  no  more  than 
an  almoft  infinitely  fmall  velocity,  and  confcquent- 
ly  the  water  refills  it  but  very  little.  The  wind 
blows  again  in  a  fecond  inftant,  and  imprelTes  on 
the  vefiel  a  new  velocity,  which  being  added  to 
the  firft  makes  an  accelerated  velocity,  and  the 
water  makes  morerefiftance  to  this  greater  velocity. 

Laftly,  the  velocity  of  the  veflTel  is  continually 
accelerated  from  one  inftant  to  another,  and  the 
refiftance  of  the  water  continually  augments  alfo, 
till  this  refiftance  becomes  of  an  equal. force  to  the 
augmentation  of  the  velocity  of  the  veflTel ;  then 
if  the  wind  and  water  were  to  be  fuddenly  anni¬ 
hilated,  and  the  veflTel  confequently  found  in  the 
vacuum^  it  would  go  to  infinite  according  to  a 
right  line,  with  an  uniform  velocity  equal  to  the 
Jaft  degree  of  acceleration,  which  it  received  from 
the  wind  in  the  laft  inftant.  But  this  laft  degree, 
to  which  the  refiftance  of  the  water  is  equal,  being 
acquired,  the  veflTel  is  not  in  (he  vacuum^  the  acftion 
of  the  wind  and  the  refiftance  of  the  water  always 
fubfift  ;  however,  becaufe  this  a(ftion  and  refiftance 
are  become  equal,  they  mutually  deftroy  one  an¬ 
other,  and  the  veflel  is  in  the  fame  cafe  as  if  it  was 
in  the  vacmm\  it  will  go  therefore  thenceforward 
widi  an  uniform  velocity,  and  the  continual  adion 
of  the  wind  upon  the  fail  will  only  deftroy  the  con¬ 
tinual  refiftance  of  the  water.  It  is  in  this  ftate  of 
uniform  velocity  that  the  motion  gf  the  velTcl  is 
confidered. 
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That  the  motion  may  be  efFeclively  uniform^ 
the  wind  muft  no  longer  accelerate  it;  -and  for 
this  it  muft  meet  the  veflel,-  not  as  flying  before' 
it,  for  it  would  accelerate  its  motion  ;  but  as  being 
at  reft,  and  that  the  wind  may  always  meet  the 
veflTel  as  being  at  reft,  tho’  it  really  flies,  the  ve¬ 
locity  of  the  wind  muft  be  as  infinite  with  relation 
to  that  of  the  veflTel.  This  is  alfo  whai  M.  Ber- 
noulli  fuppofes  in  his  whole  theory.  It  is  true,  that 
when  a  veflTel  makes  3  leagues  in  an  hour,  whilft 
the  wind  makes  5,  the  fuppofition  is  very  far 
from  the  truth  ;  but  M.  Bernoulli  reafons  fafely 
upon  this  fuppofition,  the  known  errors  of  fup¬ 
pofition  are  not  errors  in  geometry. 

The  force  of  the  wind,  which  drives  the  velTel 
with  an  uniform  velocity,'  and  the  refiftance  of  the 
water  being  equal,  and  deftroying  each  other^ 
thefe  two  forces  muft  adf  one  againft  the  other  in 
the  fame  right  line,  for  other  wife  they  would  pro¬ 
duce  a  common  effedil,  and  not  deftroy  one  an¬ 
other. 

The  force  with  which  the  wind  ads  upon  a  fail 
always  fuppofed  flat,  depends  upon  three  things, 
or  magnitude,  by  which  it  is  produced,-  as  that  of 
every  fluid  which  ftrikes  a  plain  furface. 

1 .  Oh  the  magnitude  of  the  furf^ce. 

2.  On  the  angle  of  incidence  of  the  fluid  on  the 
furface: 

3.  On  the  velocity  of  the  fluid. 

The  I  ft  point  is  clear. 

.  As  for  the  2d,  it  is  clear  that  a  fluid,  which 
ftrikes  a  furface  obliquely,  ftrikes  it  only  accord¬ 
ing  to  the  degree  oi  perpendicularity  in  its  di- 
redion;  that  is,  according  to  the  fine  of  the  an¬ 
gle  of  incidence,  and  confequently  the  impiilfe  is 
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fo  much  ftronger  as  the  fine  is  greater,  or  the  ob¬ 
lique  impulle  lefs  oblique.  Befides,  in  proportion 
as  the  incidence  is  more  oblique,  a  lefs  quantity  of 
the  fluid  ftrikes  the  furface,  and  we  lhall  fee  k 
plainly  by  conceiving  the  incidence  infinitely  ob¬ 
lique  or  parallel  to  the  furface,  for  then  the  furface 
is  not  flruck  by  any  quantity  of  the  fluid  ;  and  in 
the  oppofite  cafe,  which  is  that  of  the  perpendicu¬ 
lar  incidence,  it  is  fo  thro’  the  whole  poflible  quan¬ 
tity  of  the  fluid.  It  is  very  eafy  to  prove,  that 
the  different  quantities  of  water,  which  anfwer 
to  the  different  incidences,  are  as  ’the  fines  of  the 
angles  of  incidence.  Whence  it  follows,  that  the 
forces  of  the  different  impulfes  are  as  the  fquares 
of  thefe  fines. 

For  the  3d  point,  every  body  knows  that  the 
different  impulfes  of  a  fluid,  moved  with  different 
velocities,  are  as  the  fquares  of  thefe  velocities ; 
becaufe  a  fluid  moved  with  more  velocity,  flrikes 
both  with  more  force,  and  in  the  fame  time  with 
a  much  greater  number  of  parts,  and  that  this 
greater  number  is  in  the  fame  ratio  with  a  greater 
velocity. 

Therefore  the  force  of  the  wind  upon  the  fail 
is  a  produdf  of  the  furface  of  the  fail,  by  the 
fquare  of  its  fine  of  incidence,  and  by  the  fquare 
of  its  velocity .  If  we  fuppofe  the  wind  always  the 
fame  in  different  cafes,  its  velocity  is  no  longer  to 
be  confidered.  It  will  be  the  fame  with  the  fail 
always  fuppofed  the  fame. 

The  refiflance  of  a  water  which  is  not  running, 
as  that  of  the  fca,  to  a  veflTel  which  moves,  is  the 
fame  as  the  irapulfc  of  the, fame  water  if  it  was- 
running,  againft  the  fame  veflTel  at  reft.  Thus 
the  refiitance  of  the  water  is  regulated  by  the  im-  ' 
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pulfe  of  the  wind  upon  the  fail,  though  with  a 
a  great  difference  which  muft  be  obferved. 

A  veffel  has  a  crooked  furface,  compofed  con- 
fequently  of  an  infinite  number  of  plain  furfaces 
infinitely  fmall,  differently  inclined  to  each  other, 
which  caufes  the  incidence  of  the  water  to  be  dif¬ 
ferent  from  each  of  them  *,  whereas  the  incidence 
of  the  wind  is  the  fame  upon  the  whole  fail,  always 
fuppofed  fiat.  From  all  the  partial  refiftances 
of  the  water  to  each  infinitely  fmall  furface  of  the 
crooked  veffel,  there  is  formed  a  total  refiflance, 
which  may  be  alfo  called  mean ;  and  it  is  this 
refiflance  alone  that  is  equal,  and  diredly  oppofite 
to  the  action  of  the  wind  upon  the  fail. 

To  be  able  to  exprefs  it  geometrically,  we 
muft  know  the  curvity  of  the  veffel,  and  the  geo¬ 
metricians  plainly  perceive,  that  we  fliould  then 
fall  into  integrations  that  are  often  impoffible,  and 
always  difficult.  M.  Bernoulli  avoids  all  this 
difficulty  by  confidering  at  firft  a  veffel,  which  is 
only  an  oblong  rectangular  parallelipiped,  or  if 
you  pleafe,  a  fimple  parallelogram,  which  confe- 
quently  has  but  two  fides  differently  ftruck  by  the 
water. 

Thefe  principles  being  eftabliffied,  and  thefe 
fuppofitions  made,  there  are  two  principle  things 
to  be  confidered  on  the  motion  of  the  reClangu- 
lar  veffel,  its  courfe  and  its  velocity. 

It  is  plain  at  firft,  that  its  courfe,  or  the  direc¬ 
tion  of  its  motion,  depends  on  the  line,  according 
to  which  the  wind  impels  the  fail.  The  wind, 
which  in  general  is  fuppofed  oblique  to  the  fail, 
impels  it  only  according  to  what  perpendicularity 
the  fail  has  in  its  direClion  and  by  no  means  ac¬ 
cording  to  its  parallelifm,  and  confequently  the  line 
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according  to  which  the  wind  impels  the  fail,  is  al¬ 
ways  perpendicular  to  it.  Thence  it  follows,  that  if 
the  fail  is  always  in  the  fame  fituation,  or  diredled 
according  to  the  fame  diameter  of  the  horizon, 
the  wind,  tho’  it  falls  upon  the  fail  under  different 
angles,  will  always  impel  it  according  to  the 
fame  line,  becaufe  the  perpendicular  to  the  fail 
will  be  always  the  fame,  or  dire6f:ed  to  the  fame 
point  of  the  horizon.  Much  more  will  it  be  fo, 
if  the  incidence  of  the  wind  is  always  the  fame, 
for  the  wind  blowing  according  to  a  certain  deter¬ 
mined  diameter  of  the  horizon,  the  equality  of 
incidence  determines  the  fail  to  be  dired:ed  accord¬ 
ing  to  another  diameter  of  the  horizon,  which  is 
always  the  fame.  M.  Bernoulli  calls  the  perpen¬ 
dicular,  according  to  w'hich  the  wind  impels  the 
fiil,  the  line  of  the  moving  force. 

If  the  veffel  was  round,  the  perfedl  uniformity 
of  its  figure  would  make  it  find  in  all  its  parts  an 
equal  refiftance  of  the  water,  and  confequently  it 
would  go  according  to  the  line  of  the  moving 
force,  or  the  perpendicular  to  the  fail.  If  the 
velfel  being  redlangular  had  infinitely  more  faci¬ 
lity  to  cleave  the  water  according  to  the  line  of 
its  keef  which  would  be  a  right  line  drawn  thro* 
its  centre  parallel  to  the  great  fide,  than  according 
to  the  line  perpendicular  to  the  keel,  it  would  go 
according  to  the  line  of  the  keel,  and  not  accords 
ing  to  that  of  the  moving  force  ;  for  it  receives 
from  the  wind  an  imprelfion  of  motion,  and  be¬ 
caufe  of  the  refiftance  of  the  water  fuppofed  infi¬ 
nite  according  to  the  great  fide  of  the  parallelo¬ 
gram,  this  motion  cannot  be  executed  but  accord¬ 
ing  to  the  fmall  fide,  and  confequently  will  go 
©niy  according  to  the  line  of  the  keel.  But  the 
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fuppofition  was  chimerical,  and  the  vefiel  which 
has  more  facility  to  cleave  the  water  by  the  little 
fide  than  by  the  great  one,  has  not  infinitely  more 
of  it,  and  confequently  is  found  In  a  mean  cafe 
between  the  two  extremes  which  we  have  conft- 
dered  *,  one  of  which  was  that  of  the  equal  refif- 
tance  of  the  water,  and  the  other  that  of  its  re- 
fiftance  infinitely  unequal.  Therefore,  if  in  the 
I  ft  cafe  it  followed  the  line  of  the  moving  force, 
and  in  the  2d  that  of  the  keel,  it  muft  in  the 
mean  cafe  follow  a  mean  line,  which  will  be  its 
true  courfe. 

In  the  conftru6lion  of  veffels  it  is  endeavoured  to 
give  them  fuch  a  curvity,  that  the  greater  facility 
they  have  to  cleave  the  water  by  the  prow,  or  ac¬ 
cording  to  the  line  of  the  keel,  than  by  the  fide, 
may  be  the  greateft  poflible,  and  the  intention 
fhould  be,  that  the  courfe  be  made  according  to 
the  line  of  the  keel.  It  is  impoftible  however,  but 
that  the  water  muft  refill  the  prow  as  well  as  the 
fide,  though  much  lefs,  and  confequently  the  line 
of  the  courfe  turns  afide  more  or  lefs  from  that  of 
the  keel,  according  to  the  greater  or  lefs  inequa¬ 
lity  that  there  is  between  the  refiftance  that  the  wa¬ 
ter  makes  to  the  prow,  and  that  which  it  makes 
to  the  fide,  which  comes  from  the  different  figure 
of  the  veffel.  The  angle  which  the  courfe  makes 
with  the  keel  is  called  the  Angle  of  the  Deri* 
vat  ion. 

It  feems  at  firft,  that  the  magnitude  of  this  an¬ 
gle  muft  depend  only  on  the  greater  or  lefs  ine¬ 
quality  of  the  refiftance  of  the  water,  or  which 
comes  to  the  fame  thing,  on  the  figure  of  the  veffel. 
But  M.  Bernoulli  makes  another  confideration 
to  enter  into  it.  The  figure  of  the  veffel  being 
determined,  the  line  of  the  moving  force  may 

be 
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be  fuch,  that  it  will  drive  the  velTel  more  accord¬ 
ing  to  the  keel,  which  is  the  way  by  which  it  ad¬ 
vances  moft  eafily,  or  that  on  the  contrary  it  will 
drive  it  more  according  to  the  perpendicular  to 
the  keel,  which  is  the  lead  fiivotirable  way  to  the 
motion.  Now  the  more  the  veflel  fnall  be  im¬ 
pelled  the  way  that  it  advances  mod  cafily,  the 
more  will  its  courfe  approach  to  the  keel,  and  on 
the  contrary.  And  confequently  the  veiTel  having 
always  the  fame  figure,  the  angle  of  the  deriva¬ 
tion  will  vary  according  to  all  the  different  pofi- 
tions  that  the  line  of  the  moving  force  can  have 
with  relation  to  that  pf  the  keel. 

It  is  evident,  that  if  the  line  of  the  moving 
force  concurs  with  that  of  the  keel,  there  is  no 
derivation,  and  the  courfe  is  made  according  to 
the  keel. 

When  the  courfe  is  as  ufual,  a  mean  line  be¬ 
tween  that  of  the  moving  force  and  the  keel,  this 
mean  line  is  in  the  fame  cafe,  as  if  according  to 
the  theory  of  compound  motions  it  refultcd  from 
the  a(dions  of  two  forces,  one  of  which  acts  ac¬ 
cording  to  the  line  of  the  moving  force,  and  the 
other  according  to  the  keel.  In  this  cafe,  if  thefe 
2  forces  were  expreffed  by  the  two  lines  which 
they  would  endeavour  to  run  over  in  the  fame  time, 
the  diagonal  of  the  parallelogram,  of  which  thefe 
2  lines  would  be  the  fides,  would  exprefs  the  lefulc 
of  their  actions,  or  the  lines  that  the  movable 
ought  to  run  over.  We  may  therefore  conceive 
the  veffel  as  impelled  by  2  winds,  and  for  the 
greater  facility,  by  2  winds  perpendicular  to  one 
another,  each  of  which  fhould  be  perpendicular 
to  the  fail  which  isexpofed  to  it.  We  fuppofe  alfo 
the  fails  equal.  It  would  feem  that  the  2  lines, 
which  each  wind  in  particular  will  make  the  veffel 
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mn  over  in  the  fame  time,  being  determined  in 
niagnitude,  the  diagonal  of  the  rectangle  will  be 
the  courfe  that  the  veflel  will  make  in  the  time  de¬ 
termined,  but  M.  Bernoulli  reafons  otherwife. 
The  velocity,  which  each  wind  in  particular 
would  imprefs  on  thevefiel,  is  uniform,  accord¬ 
ing  to  what  we  have  faid,  and  the  refiftance  that 
the  water  will  make  to  each  of  thefe  velocities,  is 
equal  to  the  force  with  which  the  veffel  is  im¬ 
pelled  by  each  wind.  Now  here  all  the  magni¬ 
tudes  which  enter  into  the  refiftance  of  the  water 
being  equal,  except  the  velocities,  the  two  re- 
fiftances  of  the  water,  each  equal  to  the  force  of 
the  correfponding  wind,  are  therefore  as  the 
fquares  of  the  velocities,  and  confequently  we 
ought  to  confider  the  veflel  as  impelled  by  two 
forces  which  are  as  thefe  fquares.  The  parallelo¬ 
gram,  the  diagonal  of  which  fhall  be  the  courle 
of  the  veflel,  muft  not  therefore  be  made  under  two 
fides,  which  are  as  the  velocities,  but  under 
2  fides  which  -are  as  their  fquares,  which  changes 
the  diredtion  or  pofition  of  the  diagonal,  or  of  the 
courfe. 

The  courfe  of  the  veflel  will  be  reprefented 
by  this  diagonal,  but  not  by  its  velocity,  fince 
the  fides  of  the  parallelogram  repreient  not  the 
velocities  but  their  fquares.  This  diagonal 
will  therefore  reprefent  the  fquare  of  the  velo¬ 
city  of  the  veflel,  w^hence  the  velocity  will  be  ea- 
fily  deduced. 

But  to  examine  the  velocity  yet  more  clofely, 
let  us  confider,  that  it  is  fo  much  the  greater  as  the 
moving  force  is  greater,  and  moves  the  veffel  ac¬ 
cording  to  a  line  more  favourable  to  the  motion. 

The  wind  and  the  fail  being  always  fiippofed 
'the  fame,  the  greatnefs  of  the  moving  force  de¬ 
pends 
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pends  only  on  the  incidence  of  the  wind  upon  the 
fail,  the  nearer  this  incidence  approaches  to  perpen¬ 
dicularity,  the  wind  has  the  more  force,  and  the 
veffel  the  greater  velocity. 

But  if  we  fuppofe  the  incidence  of  the  wind 
upon  the  fail  always  the  fame,  and  confequently  the 
moving  force  equal,  there  is  ftill  one  thing  which 
makes  the  velocity  of  the  veffel  vary,  the  por¬ 
tion  of  the  fail  with  regard  to  the  wind  being  de¬ 
termined  and  fixed,  that  of  the  fail  with  regard  to 
the  keel  is  not  fo,  and  we  may  by  means  of  the 
rudder,  put  the  keel  into  different  fituations  with 
regard  to  the  fail,  the  courfe  is  a  mean  line  be¬ 
tween  that  of  the  moving  force  ;  which  in  the  pre- 
fent  fuppofition  is  fixt,  and  that  of  the  keel.  We  have 
already  feen,  in  fpeaking  of  the  angle  of  deri- 
'vation^  that  according  as  the  line  of  the  moving 
force  was  more  or  lefs  approaching  to  that  of  the 
keel,  the  veffel  was  impelled  in  a  manner  more 
or  lefs  favourable  to  its  motion,  and  this  is  the 
fecond  condition  on  which  the  velocity  depends  ; 
we  lhall  now  fee  this  more  particularly. 

The  courfe  is  a  mean  line  between  the  line  of 
the  moving  force  and  that  of  the  keel,  and  it 
changes  its  direction  as  we  have  feen,  when  the 
angle  of  thefe  2  extreme  lines  changes.  Therefore 
the  pofition  of  the  line  of  the  moving  force  being 
fixed,  if  that  of  the  keel  changes,  the  courfe 
changes  alfo.  It  is  on  the  direction  of  the  courfe 
that  the  different  incidence  of  the  water  on  the 
great  fide  depends,  and  on  the  little  one,  of  the 
reflangular  veffel  that  is,  that  according  to  the 
different  courfe  the  angles  of  incidence  of  the  wa¬ 
ter  upon  each  of  the  two  fides  vary  between  ihem- 
fclves,  and  are  more  or  lefs  unequal.  Thefe 
two  angles  taken  together  always  make  a  right 
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one,  but  the  fines  of  two  angles  that  are  equi¬ 
valent  to  a  right  one,  do  not  make  a  fum  equal  to 
that  of  the  fines  of  2  other  angles,  which  are  alfo 
equivalent  to  a  right  one,  and  confequenriy  accord¬ 
ing  to  the  different  courfe  of  the  veifeJ,  the  fums 
of  the  fines  of  the  angles  of  incidence  o^  the 
water  upon  the  two  fides  are  different.  Now 
thefe  fines  or  their  fquares  exprefs  the  different  re- 
fiftancesof  the  water  to  each  fide,  and  confequently 
the  fum  of  the  two  lateral  refiftances  of  the  water 
varies  according  to  the  different  courfe,  and  con¬ 
fequently  alfo  the  velocity  of  the  veffel.  Ic  is  plain 
that  a  lefs  velocity  anfwers  to  a  greater  fum  of  the 
lateral  refiftances. 

The  two  lateral  or  partial  refiftances  of  each 
courfe  produce  a  mean  or  total  refiftance,  which 
it  is  eafy  to  calculate.  Each  of  thefe  mean  refift¬ 
ances  is  equal  to  the  force  by  which  the  veffel  is 
impelled.  Now  in  the  two  different  courfes, 
the  moving  force  is  the  ffme,  fince  the  incidence 
of  the  wind  upon  the  fail  is  fuppofed  the  fime  ; 
therefore  the  two  mean  refiftances  are  equal,  and 
as  there  neceffarily  enters  into  the  expreffion  of 
each,  the  particular  velocity,  by  which  the  veffel 
is  impelled  according  to  each  courfe,  we  have  the 
relation  of  thefe  two  different  velocides  to  magni¬ 
tudes,  into  which  there  enter  only  the  known  Tides 
of  the  veffel,  and  the  courfes  or  lines  which  depend 
upon  it. 

From  all  that  has  been  faid  it  refults,  that 
there  muft  be  a  greater  for  the  velocity  of  the  vef¬ 
fel,  that  is,  that  the  incidence  of  the  wind  upon 
the  fail  being  always  the  fame,  there  will  be  a  po- 
fition  of  the  keel  with  regard  to  the  line  of  the  mo¬ 
ving  force,  fo  that  the  veffel  will  have  a  greater 
velocity  in  this  difpofition  than  in  any  other.  This 
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greater  velocity,  which  the  calculation  gives  witht 
out  difficulty,  is  found  when  the  diagonal  of  the 
retftangular  veffiel  is  in  the  line  of  thd  moving  force, 
and  confequently  perpendicular  to  the  fail ;  one 
might  be  furprifed  at  firft,  that  it  is  this  diagonal, 
which  fliould  be  put  in  this  fituation,  and  not  the 
keel,  that  is,  the  line  drawn  through  the  centre  of 
the  parallelogram,  parallel  to  the  great  fide,  for 
the  keel  is  always  the  moft  favourable  line  to  the 
motion.  But  it  is  eafy  to  fee  that  the  greater  ve¬ 
locity  anfwers  to  the  leaft  rsfiftance  ot  the  water, 
and  that  it  is  at  the  point,  or  at  any  angle 
whatfoever  of  the  parallelogram  that  the  water 
refifts  the  leaft ;  what  had  been  called  the  keel  was 
not  fo  in  reality,  it  is  the  diagonal  that  is  fo, 
and  the  error  of  the  word  being  diffipated,  there 
is  no  longer  any  paradox. 

The  line  which  expreftes  each  velocity, is  always 
taken  upon  the  line  of  the  courfe,  and  as  the 
different  velocities  of  the  veftel  for  each  courfe,  or 
which  comes  to  the  fame  thing,  for  each  pofition 
of  the  keel,  have  known  relations,  we  may  con¬ 
ceive  the  infinity  of  lines  which  will  exprefs  the 
velocities  as  drawn,  and  forming  by  their  extre¬ 
mities  a  curve,  which  M.  Bernoulli  calls  the  de¬ 
terminer  of  the  velocities.  He  fhews  how  to  draw 
it  by  points,  that  is,  for  all  the  different  pofitions 
of  the  keel,  the  angle  of  the  wind  with  the  fail  being 
always  the  fime. 

This  being  done,  we  fee  that  unlefs  the  line  of 
the  courfe  does  not  touch  the  curve,  which  only 
one  courfe  can  do,  it  cuts  it  in  two  points,  and  as 
all  the  points  of  this  curve  determine  the  velocities, 
there  are  therefore,  except  in  one  fingle  cafe,  two 
different  velocities  for  one  fingle  courfe ;  and  be- 
caufe  each  point  of  the  curve  anfwers  to  a  different 
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pofuion  of  the  keel,  we  may  make  the  fame  courfc 
with  2  different  pofitions  of  the  keel, but  with  2  dif¬ 
ferent  velocities.  It  is  very  eafy  to  fee  which  of  the 
two  is  the  greatefl,  and  we  muft  chufe  that,  and 
confequently  give  the  keel  the  pofition  which  an- 
fwers  to  it. 

There  is  a  confiderable  advantage  which  they 
often  endeavour  to  procure  by  the  working,  and 
that  is  gainivg  upon  the  wind^  as  a  wind  which 
blows  from  eaft  to  weft,  for  example,  and  falls 
obliquely  upon  the  fail,  impells  it  only  according 
to  a  perpendicular,  it  does  not  impel  the  velfel  to 
the  weft,  and  the  perpendicular  may  be  fuch  as 
Ihall  be  directed  according  to  the  line  of  the  S.  E. 
and  confequently  its  diredion  will  partake  of  a 
diredion  from  W.  to  E.  and  laftly  the  impulfe  of 
the  wind  fuppofed  will  tend  to  make  it  go  partly 
from  W.  to  E.  and  even  againft  the  wind.  Now 
it  is  an  advantage  to  go  againft  the  wind,  or  to 
gain  upon  the  wind,  not  only  when  we  would 
take  a  courfe,  to  which  it  is  almoft  entirely  con¬ 
trary,  but  when  we  would  board  a  veftel,  or  avoid 
being  boarded  by  it.  M.  Bernoullds  curve  (hews 
alfo  what  is  the  courfe  that  we  muft  hold,  or  the 
pofttion  that  we  muft  give  the  keel,  to  gain  upon 
the  wind  as  much  as  pofTible. 

If  the  courfe  that  we  would  hold  is  determined, 
which  is  the  mod  ufual  cafe,  we  find  by  means  of 
the  curve,  that  2  different  pofitions  of  the  keel 
are  equally  proper  for  it,  and  we  ought  to  chufe 
that  which  gives  the  greateft  velocity. 

All  that  has  now  been  faid  fuppofes  the  angle 
of  incidence  of  the  wind  upon  the  fail  conftant,  or 
to  fpeak  more  exadly,  the  line  of  the  moving  force 
always  diredted  to  the  fame  point  of  the  horizon, 
which,  as  we  have  feen,  fubfiftsas  longas  the  fail 
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is  direfled  according  to  the  fame  diameter  of  the 
horizon,  whether  it  receives  the  wind  under  dif¬ 
ferent  angles  or  under  the  fame;  but  if  the  pofuion 
of  the  fail  changes,  which  makes  the  direction  of 
the  line  of  the  moving  force  change,  or  of  the  per¬ 
pendicular  to  the  fail,  then  there  would  anfwer  to 
this  new  pofition  of  the  fail  another  pofition  of  the 
keel,  with  regard  thereto,  to  give  to  the  veffel 
the  greateft  ppffible  velocity  in  this  new  hypothefis. 
And  in  like  manner  all  the  infinitely  different 
pofitions  of  the  fail  will  have  their  different  pofi- 
tions  of  keel  correfponding  to  a  greater  velocity. 

If  we  had  determined  neither  a  pofition  of  the 
fail  according  to  a  certain  diameter  of  the  horizon, 
nor  a  pofition  of  keel  with  regard  to  the  fail,  and 
had  fought  to  determine  thefe  two  pofitions  toge¬ 
ther,  to  have  the  greateft  poffible  velocity,  this 
greater  velocity  would  be  therefore  the  greateft 
among  the  infinite  number  of  greateft,  each  of 
which  refults  from  a  certain  determinate  pofition 
of  fail,  and  from  the  moft  advantageous  pofition 
of  the  keel  correfponding  thereto.  The  determi¬ 
nation  of  ihi'i  greateft  of  the  greateft^  is  one  of  the 
moft  elevated  geometrical  problems.  M.  Bernoulli 
refolves  it,  and  is  led  by  this  refolution  to  impor¬ 
tant  remarks,  the  occafion  of  which  is  rare.  But 
we  cannot  enter  either  into  this  inquiry,  or  thefe 
refledions,  M.  Bernoulli  himfelf  prefers  another 
method  for  the  pradice ;  he  calls  it  mechanical, 
and  yet  it  depends  on  a  fublime  geometry. 

If  for  each  different  pofition  of  the  fail  the  de¬ 
termining  curve  of  the  velocities  was  deferibed, 
there  fhoiild  be  an  infinity  of  thefe  curves,  fince 
there  may  bean  infinity  of  pofitions  of  fail  infinite¬ 
ly  little  different,  and  this  infinity  of  curves,  the 
firft  and  fecond,  the  fecond  and  third,  Csfr.  would 

in- 
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interfedt  each  other  fuccefTively  in  points  infinitely 
near.  The  feries  of  this  infinity  of  points  of  inter- 
feiffion  would  form  a  new  curve  which  would 
touch  all  the  determiners  of  the  velocities^  and 
would  contain  all  their  conditions  and  advantages, 
M.  Bernoulli  fuppofes  it,  not  exa6lly,  which  is 
impofiible  in  practice,  but  fufficiently  well  de- 
fcribed;  and  he  fhews  how  to  find  by  means 
thereof,  what  will  be  the  pofition  both  of  the  fail 
and  of  the  keel,  to  make  a  courfe  propofed  with 
the  greateft  poffible  velocity,  or  to  gain  the  moft 
upon  the  wind. 

Hitherto  the  figure  of  a  parallelepiped  or  pa¬ 
rallelogram,  which  has  been  given  to  theveflel,  has 
been  very  different  from  that  which  is  ufually 
given  them.  To  come  ftill  nearer,  M.  Bernoulli 
takes  a  veffel  which  has  the  figure  of  a  rhomb,  or 
lofenge,  but  the  fame  principles  always  fubfift, 
only  the  explications  of  it  become  more  difficult, 
and  the  calculations  more  complicated.  Laftly, 
after  having  paffed  thro*  thefe  degrees,  M.  Ber^ 
noulli  comes  to  a  curvilineal  figure.  It  is  in  gene¬ 
ral  any  portion  of  a  curve,  which  has  an  axisy  and 
ordinates. 

The  curve  which  reprefents  the  figure  of  the 
veffel  cannot  be  ftruck  by  the  water,  but  according 
to  the  line  of  the  courfe,  or  which  is  the  fame 
thing,  parallelly  to  this  .line.  The  parallels  to 
the  courfe  drawn  upon  all  the  infinitely  fmall  fides 
of  the  curve  are  different  incidences  to  it,  but  each 
of  them  ftrikes  only  according  to  a  perpendicular 
to  a  little  fide  that  it  (trikes.  Any  one  of  thefe 
perpendiculars  to  the  curve  being  drawn  or  con¬ 
ceived  to  reprefent  all  the  reft,  it  is  compofed  of 
two  diredtions,  one  of  which  is  perpendicular, 
and  the  other  parallel  to  the  axis  of  the  curve. 

jThence 
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Thence  it  follows,  that  each  little  fide  is  ft r trek  or 
impelled  according  to  two  directions,  one  perpen¬ 
dicular,  and  the  other  parallel  to  this  axis.  If 
have  the  proportion  of  the  fum  of  all  the  impulles 
perpendicular  to  the  axis^  to  the  fum  of  all  the 
parallel  impulfes,  a  rectangle,  of  which  the  two 
fides  fhall  have  this  proportion  being  deferibed, 
the  diagonal  will  reprefent  the  impulfe  or  mean 
refiftance  of  the  water,  and  the  pofition  of  this 
'diagonal  will  be  neceffarily  oblique  to  the  axis  of 
the  curve.  We  know  by  all  that  has  been  faid, 
that  the^ pofition  of  this  line  of  the  mean  refiftance 
of  the  water  is  always  the  fame  as  that  of  the  line 
of  the  moving  force. 

'  If  the'incidence  of  the  water  upon  all  the  little 
ftdes  of  the  curve  changes,  there  are  formed  two 
other  fums  of  impulfions  or  refiftances,  perpen¬ 
dicular  and  parallel  to  the  axis  of  the  curve  thefe 
fums  have  another  proportion,  and  confequently 
rlie  diagonal  of  the  fuppofed  parallelogram,  or 
the  line  of  the  mean  refiftance  of  the*  water, 
changes  in  magnitude  and  pofition,  and  the  line 
of  the  moving  force  changes  alfo  in  pofitibn.  Now 
the  incidence  of  the  water  on  all  the  fmall  (ides  of 
the  curve  neceffirily  changes,  as  foOn  as  the  veftel 
changes  its  courfe,  which  is  vifible  ;  therefore  the 
change  of  the  couide  makes  the  pofition  of  the 
moving  line  change.  It  is  reciprocally  plain,  that 
if  the  pofition  of  the  line  of  the  moving  force 
changes,  that  of  the  courfe  changes  alfo.  The 
pofition  of  the  line  of  the  moving  force  gives  that 
of  the  fail,  fince  it  is  always  perpendicular  to 
it. 

Thefe  two  lines,  that  of  the  moving  force  and 
that  of  the  courfe  being  mutually  dependent  on 
each  other,  as  to  the  pofition,  one  of  the  two  po¬ 
rtions 
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fitions  being  given,  the  other  therefore  may  be 
cJeduced  from  it.  Let  us  fuppofe  at  firft  the  pofi- 
tion  of  the  given  courfe. 

To  have  that  of  the  line  of  the  moving  force, 
or  of  the  mean  refiftance  of  the  water,  we  muft 
have  the  fums  of  the  lateral  refiftances  of  the  wa¬ 
ter,  fome  perpendicular,  the  others  parallel  to  the 
axis  of  the  curve,  and  confequently  determine  the 
curve.  M.  Bernoulli  luppofes  the  figure  of  the 
veflel  to  be  formed  of  two  equal  circular  fegments, 
having  the  keel  for  a  common  chord,  which 
comes  pretty  near  the  ordinary  figures.  He  ex- 
prefles  algebraically  the  differentials  of  the  two 
forts  of  lateral  refiftances,  aud  happily  the  fums  of 
thefe  are  found  to  be  integrable;  and  confequently 
he  has  their  proportion,  whence  all  the  reftfoliows. 
This  proportion  is  pretty  compound. 

It  changes,  as  we  fee  it  muft  do,  at  each  altera¬ 
tion  of  the  courfe,  but  there  are  2  principal  caufes, 
which  in  fome  fort  change  the  fpecies  of  it.  There 
is  always  one  half  of  the  veffel,  which  bears  the 
refiftance  of  the  water,  whilft  the  other  is  indrely 
covered  from  it.  If  the  half  expofed  to  the  re¬ 
fiftance  of  the  water  is  one  of  the  two  circular  feg¬ 
ments  entire  ;  or  if  this  half  is  compofed  of  the  2 
equal  halves  of  the  two  fegments,  it  is  plain  that 
the  refiftance  of  the  water  is  confiderably  diffe¬ 
rent  in  the  2  extreme  cafes,  much  greater  in  the 
firft,  becaufe  the  veffel  takes  no  advantage  of  its 
pointed  figure  to  cleave  the  water ;  and  much  lels 
in  the  fecond,  becaufe  it  takes  as  much  advantage 
of  its  point  as  poffible.  Now  what  determines 
the  half  of  the  veffel  expofed  to  the  w'ater  is  the  2 
lines  parallel  to  the  courfe,  the  moft  diftant  from 
it  on  both  Tides  that  can  be  drawn  through  tVvO 
points  of  the  furface  of  the  veffel.  If  they  pafs 
through  the  2  extremities  or  points  of  the  veffel, 

it 
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it  is  in  the  firft  cafe,  and  prefcnts  to  the  water  only 
one  fingle  circular  fegment ;  if  they  pafs  thro*  the 
2  extremities  of  the  perpendicular  drawn  thro*  the 
middle  of  the  keel,  the  veflTel  is  in  the  fecond  cafe, 
and  prefcnts  to  the  water  the  half  of  each  circular 
fegment,  or  advance  of  point. 

If  the  2  parallels  to  the  courfe  pafs  thro*  the  2 
points  of  the  vefTel,  or  extremities  of  the  keel, 
and  at  the  fame  time  are  each  of  them  tangents  of 
their  fegment  or  circular  arch,  it  follows  from', 
thence,  that  the  arch  which  they  touch,  or  the  in¬ 
finitely  fmall  fide,  which  is  one  part  of  them  at 
the  point  of  contact,  makes  with  the  keel  the  fame 
angle  as  the  courfe.  But  if  the  courfe,  and  confe- 
quently  the  two  parallels  come  to  incline  more 
upon  the  keel,  and  confcquently  to  make  with  it 
a  lefs  angle  than  the  fixed  angle,  and  confiding  of 
each  circular  arch  with  the  fame  keel,  then  the 
two  parallels  become  tangents  of  the  2  circular  ar¬ 
ches  in  other  points,  and  one  of  the  points  of  the 
vefTel  begins  to  be  contained  in  the  part  expofed 
to  the  water,  and  is  more  and  more  fo,  till  at  laft 
the  line  of  the  courfe  being  infinitely  inclined  to 
the  keel,  or  concurring  with  it,  the  two  parallels 
are  tangents  of  the  vefTel  at  the  two  extremities  of 
the  perpendicular,  which  pafTes  through  the  mid¬ 
dle  of  the  keel.  But  if  the  angle  of  the  courfe 
with  the  keel  is  greater  than  that  of  each  of  the 
two  circular  arches  with  the  keel,  the  two  parallels 
pafs  always  through  the  two  extremities  of  the 
keel,  but  without  being  tangents  of  the  vefTel,  the 
part  expofed  to  the  water  is  always  one  entire  cir¬ 
cular  fegment  *,  and  laflly,  the  courfe  may  con¬ 
cur  with  the  perpendicular  to  the  keel.  Thefe 
are  the  two  principal  cafes  which  change  the  fpecies 
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rpecies  of  the  proportion  between  the  lateral  re-  • 
fiftances  of  the  water. 

We  lhall  find  the  velocities  of  the  vefTel  of  a  cir¬ 
cular  figure  for  different  courfes^  the  moving  force 
being  the  fame,  as  we  have  found  thofe  of  the  reed;- 
angular  veffel.  It  is  the  fame  reafoning. 

But  if  in  the  veffel  of  a  circular  figure,  the  po- 
fition  of  the  line  of  the  moving  force  was  deter¬ 
mined,  and  the  courfe  was  to  be  determined,  we 
might  do  it ;  but  by  an  algebraical  calculation,  fo 
long  and  fo  compound,  that  M.  Bernoulli  thinks 
it  more  proper  to  fubftitute  tables,  wherein  the 
pofitions  of  the  line  of  the  moving  force  ffiould  an- 
fwer  to  all  the  courfes,  and  the  courfes  to  them. 
Thefc  tables  fhould  alfo  contain  the  velocities. 

To  bring  all  this  to  the  utmofl  exaftnefs,  we 
fhould  determine  the  figure  of  the  veffel,  which 
would  make  it  bear  the  leaft  pofTible  refiftance 
from  the  water.  This  determination  has  already 
been  made  for  a  veffel,  the  courfe  of  which  fhould 
be  according  to  the  keel,  but  it  is  not  in  the  fup- 
pofition  of  all  the  other  poffible  courfes,  and  as  the 
refiflance  of  the  water  will  change  in  all  thefe  cour¬ 
fes,  there  mufl  be  a  different  figure  of  a  veffel  for 
each  of  them:  It  does  not  appear  therefore,  that 
geometry  can  afpire  to  this  enterprife,  and  we 
muft  hold  to  the  trials  of  experience,  which  will 
nearly  determine  a  mean  figure,  the  mofl  fuitable 
to  all  the  courfes. 

The  pofition  of  the  line  of  the  mean  refiflance 
of  the  water  with  regard  to  the  courfe,  or  which 
comes  to  the  fame  thing,  with  regard  to  the  keel, 
being  determined, this  line  neceffirilypaffes  through 
a  certain  point  of  the  keel.  On  another  fide  the 
line  of  the  moving  force  paffes  through  the  middle 
of  the  fail,  and  what  is  a  neceffary  confcquence 
of  it,  through  the  mafl  to  which  the  fail  is  faftened, 
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or,  which  comes  to  the  hime,  through  the  foot  of 
the  mad  which  always  reds  upon  the  keel,  or,  lad- 
ly,  through  a  certain  point  of  the  keel.  If  thecourfe 
is  fuch,  that  the  line  of  the  mean  refidance  of  the 
water,  and  that  of  the  moving  force  pafs  only  thro* 
the  fame  point  of  the  keel,  the  reddance  of  the 
water,  which  is  equally  didributed  on  both  Tides  of 
the  line  of  the  mean  reddance,  is  therefore  not  e- 
qually  didributed  on  both  Tides  of  the  line  of  the 
moving  force,  and  as  thefe  lines  mud  however  be 
one  right  line,  the  vedel  will  turn  till  they  are 
both  in  this  poTition.  To  hinder  this  turning,  vre 
mud  know  through  what  point  of  the  keel,  the 
line  of  the  mean  reddance  of  the  water  palTes,  and 
there  dx  the  mad. 

M.  Bernoulli  fhews  how  to  determine  this  point. 
The  reddance  perpendicular  to  the  axis  of  the 
curve  being  exprefs’d  algebraically  and  conceived 
as  To  many  weights  fadened  to  a  lever,  which  is 
the  axis^  have  a  common  centre  of  gravity  there¬ 
in.  In  like  manner  the  reddances  parallel  to  the 
axis  have  a  common  centre  of  gravity  upon  a 
perpendicular  to  the  axis  ;  two  perpendicular  lines 
both  drawn  through  theTe  two  centres  of  gravity, 
interfcTI:  each  other  in  a  point,  which  is  the  centre 
of  gravity  of  the  two  fpecies  of  reddance';  ihe  line 
of  mean  reddance  therefore  mud  pafs  thiough  this 
point,  which  confequently  determines  the  point 
where  it  cuts  the  keel,  and  where  the  maddiould 
be  dxed. 

But  as  the  line  of  the  mean  refidar  ce  changes 
for  every  courle,  the  point  where  ihe  mad  drould 
be  planted  would  change  alfo,  which  being  im- 
podibie  in  practice,  we  can  only  dnd  for  the  mad 
pretry  nearly  a  mean  Tituation,  tlie  mod  com¬ 
modious  tor  all  the  different  courfes. 


It 
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It  remains  only  to  rectify  the  fappofidon  of  the 
fail  always  flat,  it  is  very  certain  that  it  is  not,  and 
that  by  the  a6lion  of  the  wind  it  takes  a  certain 
curvity,  thereby  the  line  of  the  moving  force 
changes,  and  it  is  a  perpendicular  to  the  curve  of 
the  fail,  fuch  that  on  both  fides  the  impulfes  of  the 
wind  on  the  differently  inclined  parts  of  the  fail 
are  equal,  or  which  is  the  lame,  that  it  is  its  axis 
of  equilibrium^  as  the  line  of  the  mean  refiftance 
of  the  water  is  the  axis  of  equilibrium  of  all  the  par¬ 
ticular  reflftances.  We  muff  therefore  determine 
the  curvity  of  the  fail,  or  which  is  the  fame  pror 
blem  more  fimple,  the  curvity  of  a  fimple  cord, 
which  fhould  be  in  the  fame  circumftances  as  the 
fail,  and  for  this  it  is  neceffary  to  eftablifh  two 
principles,  one  of  which  has  been  already  in  this 
difeourfe. 

iff.  A  homogeneous  and  perfedlly  flexible  cord 
being  ftretched,  it  is  equally  fo  in  all  its  parts, 
what  figure  foever  it  takes  by  the  tenfion  ;  lor  if 
we  conceived  one  part  to  be  more  ftretched,  as  it 
would  make  an  effort  to  refume  its  firft  ftate,  it 
would  draw  to  it  a  lefs  ftretched  parr,  which  would 
yield  to  it,  and  confequently  both  would  come  to 
an  equal  tenfion. 

2.  A  cord,  which  in  its  different  parts  receives 
oblique  impulfes  or  preffures,  is  impelled  or  pref- 
fed  only  according  to  the  perpendiculars  to  the 
points  of  incidence,  and  thefe  perpendiculars  are 
the  fines  of  the  angles  of  incidence. 

When  a  cord  bends  becaufe  it  is  drawn  by  weights 
or  puflied  by  a  fluid  which  adts  upon  it,  it  is 
ftretched  or  impelled  at  the  fame  time  and  by  the 
fame  forces,  but  is  equally  ftretched  and  unequally 
impelled  or  preffed.  And  to  fee  the  difference  of 
thefe  two  adlions  of  tenfion  or  preffure  ftill  better, 
we  need  only  obierve,  that  a  cord  or  any  part 

F  f  f  2  what- 
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whatfoever  of  a  cord,  is  ffretched  only  fo  far  as  it 
is  drawn  according  to  its  length  or  direction,  and 
that  on  the  contrary  it  is  preffed  only  fo  far  as  it  is 
preffed  perpendicularly  to  this  length. 

The  tenfions  make  no  alterations  by  themfelves 
in  the  diredlion  of  a  part  of  a  cord,  but  the  pref- 
fures  change  it,  fince  they  neceflarily  impel  this 
part  according  to  a  certain  perpendicular. 

When  a  cord  bends,  its  only  becaufe  each  of  its 
infinitely  fmall  parts,  which  becomes  a  fide  of  the 
curve,  receives  the  a6lion  of  a  power  different  from 
that  which  has  a6ted  on  the  preceding  fide,  or 
which  fhall  ad'  on  the  following.  Thereby  each 
little  fide  rakes  a  different  diredion  from  thofe  of 
the  two  fides  which  contain  it.  If  a  cord  was  at 
the  fame  time  unequally  ffretched,  and  unequally 
preffed,  we  ought  to  conceive  fome  fide  longer,be- 
caefe  cf  the  inequality  of  tenfion,  and  at  the  fame 
time  of  a  diredion  more  or  lefs  different  from  that 
of  the  neighbouring  fide,  becaufe  of  the  inequality 
of  preffure.  Now  I  fuppofe  it  is  known,  that  the 
greatnefs  of  the  bending  of  a  curve  is  in  a  dired  ra¬ 
tio  of  the  greatnefs  of  the  change  of  diredion  from 
one  fide  to  the  other,  or  of  the  angle  of  contingence 
and  in  a  reverfed  ratio  of  the  magnitude  of  the  fides 
into  which  we  conceive  it  to  be  divided.  Therefore 
if  the  cord  was  unequally  ftretched  and  preffed,  it 
would  take  a  curvity  which  would  be  in  a  ratio 
compounded  of  the  reverfed  ratio  of  the  tenfions, 
and  of  the  dired  one  of  the  preffures.  But  the 
cord  is  always  equally  frretched,  therefore  its 
curvity  is  only  in  a  dired  ratio, di  the  preffures, 
and  there  is  the  general  determination  of  all  thefe 
forts  of  curves.  As  the  of  the  evolutes  are 
always  in  a  reverfed  ratio  of  the  curvatures,  we 
muft  take  thefe  curves  fo  that  their  radii  of  the  e- 
Yolute  ate  ch point  may  be  in  a  reverfed  ratio  of 
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the  preflure  at  the  fame  point.  Therefore  we  have 
only  to  determine  what  fhall  be  the  different  fpecies 
of  prefTure. 

If  we  confider,  as  we  do  here,  a  fail  fwoln  by 
the  wind,  the  preffures  will  be  as  the  fquares  of  the 
fines  of  the  angles  of  incidence  of  the  wind  upon 
each  little  fide  of  the  curve.  This  is  plain  from  all 
that  has  been  faid  ;  we  fuppofe  that  each  thread  of 
wind  gives  its  flroak  to  the  fail,  after  which  it 
goes  freely  out  of  its  cavity;  otherwife  it  would  ' 
make  in  this  cavity  different  reflexions,  which 
would  change  the  primitive  impulfes,  and  con- 
fequently  the  nature  of  the  curve. 

If  the  fail  contained  an  eladic  fubflance,  as 
air,  the  fpring  of  which  aXs  equally  every  way,  it 
is  plain  that  the  preffures  being  all  equal,  the  curve 
fought  would  be  a  circle. 

If  we  fuppofed  a  linnen  bent  by  a  heavy  liquor, 
which  it  fhould  contain,  the  preffures  would  be 
the  heights  of  the  different  columns  of  this  liquor. 

Wc  muff  not  forget  in  this  place  that  M.  Ber¬ 
noulli  finds  again  what  he  had  formerly  demon-  . 
ffcrated,  that  the  curve  of  the  fail  is  the  fame  with  the 
catenaria^  a  curve  formed  by  a  cord  faftened  at 
its  two  extremities  to  two  fixt  points,  and  bearing 
at  all  its  points,  of  which  the  number  is  infinite,  as 
many  equal  weights.  It  feems  that  by  following 
the  reafonings  which  have  been  made,  one  may 
eafily  prove  the  identity  of  the  two  curves. 

The  catenaria  is  equally  ftretched  in  all  its  parts, 
and  confequently  it  will  be  the  fame  as  the  curve 
of  the  fail,  if  the  preffures  on  both  Tides  follow  the 
fame  proportion.  The  preffures  of  the  catenaria^ 
are  drawings  of  weights,  all  the  direXions  of  which 
are  vertical  and  parallel.  The  direXion  of  each 
weight  is  oblique  to  each  little  fide  of  the  catenciria 
and  confequently  mufl:  be  decoinpoundcd  into 

perpep.- 
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perpendicular  and  parallel  to  the  of  the  curve, 
which  is  the  line  drawn  from  one  of  the  fixe  points 
to  the  other.  The  perpendicular  to  the  axis  is  the 
only  line,  according  to  which  the  weight  draws 
the  fide,  it  is  the  fine  of  the  acute  angle,,  which  is 
made  by  the  vertical  dire(ftion  of  the  weight  with 
the  fide,  and,  if  we  may.fo  fpeak,  of  the  angle  of 
incidence  of  the  weight.  The  greater  this  perpen¬ 
dicular  to  the  or  this  fine  is  in  proportion  to 
what  parallelifm  there  is  in  the  diredlion  of  the 
weight,  the  more  it  afts  or  draws  with  force. 

It  is  eafy  to  fee,  that  by  taking  the  curve  from 
one  of  the  fixt  points  to  its  middle,  the  fines  of  the 
angles  made  by  the  diredtions  of  the  weights  with 
the  Tides  are  continually  increafing  •,  for  all  the 
weights  being  fuppofed  equal,  their  aftions  or 
drawings  can  be  only  as  their  difiances  from  this 
fixt  point,  which  continually  augments,  but  their 
a6tions  are  as  thefe  fines,  therefore  the  fines  con¬ 
tinually  augment  from  a  fixed  point,  where  the 
origin  of  the  curve  is,  quite  to  its  middle. 

This  being  fuppofed,  each  fide  of  the  curve  is 
fo  much  the  more  drawn,  not  only  as  each  weight 
ads  by  a  greater  fine,  but  alfo  as  each  weight  ads 
with  more  advantage  with  regard  to  a  neighbouring 
fide,  for  to  draw  the  cord  downward,  it  is  fufiici- 
ent  for  a  weight  to  have  any  force  whatfoever,  but 
to  bend  it  adually,  it  muftdraw  it  more  than  an¬ 
other  weight  draws  it,  without  which  all  the  force 
poflible  would  be  of  no  fervice.  In  a  word, 
'there  muft  be  a  force  in  each  weight,  and  an  ine¬ 
quality  of  forces  in  all,  I  mean  in  one  half  of  the 
curve.  Now  not  only  the  force  of  two  weights 
taken  feparately  and  by  themfelves  will  be  expref- 
fed  by  two  fines,  fuch  as  we  have  marked,  but 
their  inequality,  or  proportion  of  forces  will  be  ex- 
prefied  by  the  fame  finesj  whence  it  follows,  that 

the 
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the  drawings  of  thele  two  weights  will  be  as  the 
fqiiares  of  thefe  fines,  which  is  exadhiy  the  propor¬ 
tion  of  the  prefllires  of  the  wind  in  die  curve  of  die 
fail.  Therefore  the  curve  of  the  fail  and  the  ca- 
tsnaria  are  the  lame  thing. 

In  the  application  of  M.  Bernoulli's  theory  to 
practice,  there  is  a  very  confiderable  advantage, 
that  to  determine  the  pofidon  of  the  axis  of  equi¬ 
librium  of  the  impulfes  of  the  wind,  or  of  the  line 
of  the  moving  force  upem  the  bent  lail,  we  are  not 
obliged  to  know  the  nature  of  the  curve  of  the  fail, 
and  to  calculate  it,  which  w’ould  be  very  difficult. 
M.  Bernoulli  demonffrates,  that  if  from  the  middle 
of  each  of  the  two  Tides, one  above, the  other  below, 
which  terminates  the  bent  fiil,  we  draw  a  tangent, 
the  line,  which  ffiall  bifefl  the  angle  of  the  concur¬ 
rence  of  the  tangents,  will  be  the  axis  o'i equilibrium 
of  the  impulfes  of  the  wind. 


4o8  IbeKmo'R.y  andM-EtAoiVi^ofthe 


An  Rxplanation  of  the  Terms  of 
Art  ufed  in  this  V olmne^  which 
were  not  explained  at  the  End  of 
the  former  Volumes. 


C. 

^^^e'pu^culum  the  Twilights 

E. 

Empalement  of  a  flower  is  that  part  which 
covers  the  Petals.,  or  coloured  leaves.  In  a 
rofe,  the  five  green-  leaves  on  the  outfide  of  the 
flower,  is  the  Empalement. 


1. 

Iris  is  the  variegated  circle,  which  furrounds 
the  pupil  of  the  eye. 


L. 

Lamina  fpiralis  is  a  thin  plate,  which  di¬ 
vides  the  cochlea,  or  laft  cavity  of  the  ear  in¬ 
to  two  parts.  That  part,  which  is  next  the 

axisy 
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axis^  is  bony,  but  extremly  brittle;  and  that 
.next  the  outer  fhell  is  membranous,  ap¬ 
pearing  to  be  only  made  of  the  auditory 
nerve. 

M. 

t 

Memhrana  tympanic  is  a  thin  tranfparent 
membrane,  which  clofes  the  inner  extremity  of 
the  meatus  auditorius.  It  is  of  an  oval  figure, 
ftretched  out  like  the  head  of  a  drum  ;  it 
makes  an  obtufe  angle  with  the  upper  and 
back  part  of  the  meatus^  and  an  acute  one 

with  the  lower  and  fore  part. 

/ 

S. 

Summit  or  apex  is  ufed  to  exprefs  thofe  lit¬ 
tle  buttons,  which  are  fuflained  by  the  chives 
or  fiamina  in  flowers.  They  are  moft  com¬ 
monly  of  a  yellow  colour,  and  contain  a  fine 
golden  duff,  which  is  thought  to  be  analogous 
to  the  male  fperm  of  animals. 

Syzygia  or  fyzygy^  is  ufed  to  exprefs  either 
the  conjundion  of  a  planet  with  the  fun,  or 
its  oppofition  to  it. 


T. 

Terras  of  the  obfervatory  at  Paris  is  a 
platform  on  the  top  of  that  famous  firudure. 

It  is  paved  with  flints  laid  in  mortar,  cement,  ^ 
and  lime. 


G 


or  or 
t?  O 
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tympanum  is  a  pretty  large  cavity  in  •  the 
car,  fituated  behind  the  membrana  tympanic  it 
is  about  3  or  4  lines  deep,  as  many  wide, 
and  between  2  or  3  high.  It  is  lined  with  a 
fine  membrane,  on  which  there  are  feveral 
veins,  and  arteries.  In  this  cavity  are  contain¬ 
ed  4  fmall  bones,  called  the  malleolus^  the  incus^ 
the  ftapes^  and  the  os  orikulare. 
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CONTINUATION  of  the 
ADDENDA. 

Jn  the  MEMOIRS,  of  1701, 

X.  Of  the  meridian  of  the  royal  ohfer-- 
n)atory^  prolonged  to  Pyreneans  \  by  M* 
Caffini*. 

The  journey,  that  we  made  this  year  by  order 
of  the  king  into  the  fouthern  provinces  of  his  king¬ 
dom,  was  to  prolong  the  meridian  line  of  the  roy¬ 
al  obfervatory,  to  meafure  it  quite  to  the  extremi¬ 
ties  of  France  by  geometrical  operations ;  to  di¬ 
vide  it  into  degrees  of  the  circumference  of  the 
earth  by  the  oblervations  of  the  flats ;  to  examine 
whether  thefe  degrees  are  equal  between  themfelves 
as  has  been  fuppofed  till  this  age,  .or  whether  they 
are  fenfibly  unequal,  as  feveral  modern  mathe¬ 
maticians  iuppofe  ;  whether  the  perpendicular  lines 
marked  by  the  plummet  in  our  geometrical  and 
aftronomical  inflruments,  are  all  dire6led  to  the 
fame  point,  which  is  taken  for  the  centre  of  the 
earth,  according  to  the  common  hypothecs ^  or 
whether  from  different  places^  which  are  at  a  great 
diftance  from  each  other,  they  are  dire6led  to 
points  fenfibly  different,  as  feveral  moderns  con- 

lafl  inquiries  ought  to  have  been  made 
before  it  was  undertaken  to  calculate  the  whole  cir¬ 
cuit  of  the  earth  by  a  fmall  part.  For  unlefs  thefe 
*  November  14,  1701. 
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two  lafl  hypothefes  of  the  roundnefs  of  the  earth,  and 
of  the  diredion  of  the  perpendicular  to  the  fame 
centre  are  well  eftablifhed,  there  is  no  certainty  in 
the  practice  of  this'  method.  Thus  Pliny  had 
fome  reafon  to  admire  at  the  boldnefs  of  the  hu¬ 
man  mind,  in  attempting  fuch  difficult  things. 
The  enterprize  alone  of  examining  thefe  two  by- 
poihefes  by  obfervations  is  great,  and  would  be 
raffi  without  the  protedfion  of  fo  great  a  king. 
The  hypothefis  of  the  roundnefs  of  the  earth,  as 
compofed  of  continents  and  feas,  that  of  its  de¬ 
tachment  from  the  heavens,  and  of  its  fufpenfion 
in  the  air,  was  firft  of  all  founded  upon  the  obfer- 
vation  of  the  apparent  motion  of  ail  the  ftars  from 
eatl  to  weft,  and  on  the  diverfity  of  the  apparent 
conftitution  of  the  heavens,  in  the  voyages  made 
almoft  under  the  fame  meridian  towards  the  fouth 
and  towards  the  north.  This  diverfity  compared 
with  the  length  of  the  way  gave  the  firft  views  of 
meafuring  the  circumference  of  the  earth  by  the 
obfervations  of  the  ftars.  The  oldeft  author  now 
extant,  who  has  related  the  particulars  of  this  me¬ 
thod,  \s,AriJlotle^^ho  fpeaks  of  it  as  a  thing  already 
in  pradtice  in  his  time. 

He  exprefiTes  himfelf  to  the  following  purpofe, 
at  the  end  of  his  fecond  book  de  c^lo. 

“  It  is  manifeft,  fays  he,  by  the  appearance  of 
the  ftars,  that  not  only  the  earth  is  round,  but 
that  it  is  not  of  any  immenfe  bignefs  *,  for  if  wc 
‘‘  travel  ever  fo  little  towards  the  fouth  and  north, 
the  horizon  varies,  and  the  vertical  ftars,  which 
“  we  have  over  our  heads,  make  a  great  change, 
and  are  not  all  the  fame  that  we  fee  going  to  the 
‘‘  north  and  fouth.  For  there  are  fome  which  we 
“  fee  in  E^ypt,  and  near  Cyprus^  which  we  do  not 
‘‘  fee  in  the  northern  countries,  and  towards  the 
“  north  there  are  fome  ftars  which  we  always  fee 

‘‘  above 
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above  ground,  tho’  they  fet  in  the  places  juft 
mentioned.  Wherefore  thofe  who  think  that 
“  the  fea,  which  is  at  the  pillars  o^Hercules^  unites 
“  and  makes  the  fame  fea  with  that  which  is  at  the 
**  Indies^  do  not  imagine  improbabilites. 

“  The  mathematicians,  adds  he,  who  endea- 
‘‘  vour,  to  calculate  the  magnitude  of  the  circum- 
“  ference  of  the  earth,  make  it  amount  to  400,000 
ft adi a.  Whence  it  is  inferred,  not  only  that 
the  earth  is  fpherical,  but  that  it  is  not  very 
great  with  regard  to  the  other  ftars. 

This  muft  have  been  the  language  of  the  authors 
of  this  dimenfion.  ¥ox  Ariftotle  far  from  fuppof- 
ing  the  earth  to  be  a  ftar,  in  the  preceding  chapter 
refutes  the  Pythagoreans  of  Italy^  who  reckoned 
the  earth  in  the  number  of  the  ftars,  and  aferibed 
to  it  a  motion  about  the  centre  of  the  world,  fo  as 
to  make  the  alternative  of  days  and  nights ;  which 
they  would  not  have  done,  if  they  had  not  fup- 
pofed  the  earth  to  be  nearly  of  the  fame  figure  and 
.bignefs  with  the  ftars.  This  dimenfion  related  by 
Ariftotle  might  therefore  be  aferibed  to  the  Pytha¬ 
goreans^  who  were  the  authors  of  this  hypothefts^ 

It  is  almoft  twice  as  big  as  it  was  afterwards  found 
by  other  mathematicians.  But  it  did  not  appear 
large  enough  at  a  time  when  there  were  yet 
fome  philofophers,  who,  after  Xenophanes^  quef- 
ftioned  whether  it  was  not  of  an  immenfe  magni¬ 
tude. 

Immenfum  ne  patent  terr^  ima^  et  largior  ather. 

The  appearances  of  the  ftars  related  by  Arif- 
totle^  fuggeft  two  methods  of  undertaking  the  mea- 
fure  of  the  earth,  which  were  pradtifed  in  the  fol¬ 
lowing  ages:One  by  the  obfervations  of  the  ftars  fi- 
tuated  vertically  in  one  place,  and  ata  diftance  frorn 
that  fituadon  in  another  ;  the  other  by  the  obfer- 

I  i  i  2  vation^ 
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vation  of  the  ftars  in  the  horizon  of  one  place,  and 

elevated  above  the  horizon  of  another. 

EratoJiheneSy  under  king  Piolomy  Euergetes^ 
put  the  hrft  method  in  practice  ;  he  knew  that  at 
the  time  of  the  fummer  folfticethe  fun  pafied  over 
the  vertical  point  of  the  city  of  SyenCy  fituated  in 
the  confines  of  Ethiopia  under  the  tropic  of  Cancer, 
There  was  a  well  made  for  this  obfervation,  which 
on  the  day  of  the  folftice  at  noon  was  quite  il¬ 
luminated  by  the  fun,  and  it  was  notorious  that 
at  150  fladia  round  it,  the  ftyles  raifed  perpendi¬ 
cularly  on  a  horizontal  furface  made  no  fhadow  ; 
having  fuppofed  Alexandria  and  Syene  to  lie  under 
the  fame  meridian,  he  obferved  at  Alexandria  on 
the  day  of  the  folftice  the  diftance  of  the  fun  at  the 
vertical  point,  by  the  fhadow  of  a  ftyle  raifed  per¬ 
pendicularly  from  the  bottom  of  a  concave  hemi- 
fphere  ;  he  found  that  this  diftance  was  the  50th 
part  of  the  circumference  of  a  great  circle;  whence 
he  concluded,  that  the  diftance  between  thefe  two 
cities  was  the  50th  part  of  the  circumference  of  the 
earth.  Having  computed  this  diftance  to  be  5000 
ftadiay  he  had  the  whole  circumference  250,000 
(tadia. 

Having  divided  it  equally  into  360  degrees, 
he  had  694  and  almoft  \  to  the  degree.  But  after¬ 
wards,  inftead  thereof  he  took  the  round  num¬ 
ber  700,  not  thinking  perhaps  that  it  would  an- 
fwer  to  5  or  6  jiadia  in  a  degree. 

And  multiplying  700 Jtadia  by  360  degrees, 
he  had  in  the  circumference  252,000  ftadiay  which 
is  the  laft  dimenfion  of  Eratojlhene^y  which  he 
commonly  madeule  of.  Hipparchus  madeufc 
of  it,  tho  he  judged  that  2520  Jiadia  ought  to  be 
added  to  this  dimenfion. 

Dionofidorus  only  took  for  the  femidiameter  of 
the  earth  \  part  of  its  circumference  drawn  from 

the 
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lafl:  dlmenfion  of  Eratofthenes^  in  the  letter  which 
was  found  in  his  tomb  after  his  death,  to  make  it 
believed  that  he  had  gone  down  to  the  centre  of 
the  earth,  and  that  having  meafured  the  diftancc 
he  had  found  it  42,000  ftadia. 

Vitruvius  and  Pliny  reduce  the  meafure  of  Era^ 
iofthenes  of  252,000  ftadia^  to  31,500  Roman 
miles,  allowing  8  for  a  mile. 

PoJJidonius^  in  the  time  of  Pompey  the  great,  un¬ 
dertook  to  meafure  the  circumference  of  the  earth 
by  the  fecond  method,  that  is,  by  the  horizontal 
obfervations. 

He  learned  that  at  Rhodes  the  ftar  Canopus  did 
but  juft  appear  at  the  horizon,  and  fet  immediately; 
and  that  at  Alexandria^  which  he  fuppofed  to  be 
under  the  fame  meridian,  it  rofe  above  the  ho¬ 
rizon  part  of  the  circumference  of  the  heavens, 
which  anfwers  to  a  like  part  of  the  circumference 
of  the  earth  of  7^  i,  and  fuppofingthe  diftance 
between  thefe  2  cities  to  be  5000  jtadia^  he  had 
the  whole  circumference  of  the  earth  240,000  Jia- 
dia.  This  is  the  firft  dimcnfion  of  PojpJonius^  re¬ 
lated  by  Cleomedes^  an  author  of  the  fame  age,  ad¬ 
ding  that  it  muft  be  diminifhed,  if  the  interval  (in. 
Jtadia)  is  not  found  to  be  quite  fo  great. 

Strabo^  who  wrote  his  geography  under  Au- 
giijlus  and  Tiberius^  afcribes  to  PoJJidonhis  di- 
menfion  of  the  circumference  of  the  earth  of 
180,000  ftadia^  which  are  in  the  proportion  of 
^00  ftadia  to  the  degree,  it  was  not  eafy  to  dilco- 
ver  the  foundation  of  this  ;  but  here  it  is.  The 
fame  author  teftihes  in  another  place,  that  Eratof- 
thenes  had  mealured  the  diftance  between  Rhodes 
and  Alexandria  by  inftruments,  and  found  it  to 
3750  fteidia^  taking  it  for  /g  part  of  the  cir¬ 
cumference  of  the  earth  according  to  PoJJidonius^ 
there  refult  180,000  ftadia.  It  may  therefore  be 
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called  the  lad  dimenfion  of  PoJftdoniuSy  in  which 
were  ufed  his  dimenfions  in  degrees,  and  that  of 
Eraloftbenes  in  ftadia.  It  was  received  by  Marinus 
*Tyrim  the  geographer  and  others.  It  is  commonly 
aferibed  to  Piolomyy  becaufe  he  made  ufe  of  it  in 
his  geography.  We  fhall  not  here  relate  what  is 
oppofed  to  thefe  methods,  we  fliall  only  obferve, 
as  a  thing  of  fome  confequence,  that  having  taken 
exadlly  the  mean  between  the  laft  dimenfions  of 
Eralojlhenes  and  of  PoJfidoniuSy  we  have  in  a  de¬ 
gree  of  the  circumference  of  the  earth  600  Jladia^ 
in  a  minute  10  Jiadia^  which  by  the  account  of 
Pliny  and  Vitruvius  make  i  mile  ^  of  the  ancient 
Roman  meafure.  Now  the  modern  Italian  mile  is 
equal  to  i  mile  of  the  ancient  miles,  thedif- 
tance  of  25  miles,  which  the  ancients  reckoned  be¬ 
tween  Bolonia  and  Modena  being  edeemed  at  pre- 
fent  to  be  20  modern  miles.  The  modern  Italian 
mile  is  10  jladia^  which  make  a  minute, according 
to  the  mean  dimenfion  between  that  of  Eratof- 
ihenes  and  PoJJidonius.  The  degree  of  the  circum¬ 
ference  of  the  earth  will  be  therefore  by  this,  ac¬ 
count  60  modern  Italian  miles,  and  75  ancient 
miles.  The  circumference  21,600  modern  miles, 
27,000  ancient  miles.  • 

Allowing  to  the  mean  league  3  ancient  miles, 
we  fhall  have  25  leagues  in  a  degree,  and  in  the 
whole  circumference  9000  leagues. 

After  Eratoflbenes  and  P offidonius ^  feveral  have 
made  ufe  of  the  heights  of  the  p(  le,  in  the  mea- 
furing  of  the  earth.  The  mathematicians  of  the 
Caliph  Almamon  having  taken  the  heights  of  the 
pole  in  the  plains  of  Singar^  at  the  extrcniities  of 
two  degrees,  found  56  miles  in  one  degree,  and  56 
miles  f  in  the  other,  and  judged  their  meafure  to 
be  lefs  than  that  of  Ptolemy  by  10  miles.  This  is 
very  different  from  all  the  other  dimenfions,  which 

make 
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make  it  much  greater.  The  geographer  of  NuUa^ 
an  author  of  the  12th  century,  allows  25  leagues 
to  the  degree  •,  this  dimenfion  was  confirmed  by 
that  of  Fernellius^  this  author  made  ufe  alfo  of  the 
heights  of  the  pole  taken  from  the  obfervations  of 
the  fun,  to  find  a  place  nearly  under  the  meridian 
oi  Paris ^  which  was  a  degree  diftant  from  it,  and 
having  meafured  the  diftance  of  it  by  the  wheel,  he 
found  it  56747  toifes,  having  abated  the  turns  of 
it  at  difcretion.  According  to  the  eftimation  of 
the  people  of  the  country,  this  diftance  was  25 
leagues. 

Snelliusy  who  furpafted  in  exa<5tnefs  thofe  who 
had  gone  before  him,  made  ufe  of  the  heights  of 
the  pole  obferved  at  Alkmaer  and  Bergen  op  zoom^ 
differing  between  themfelves  i  J having 
'meafured  the  diftances  by  the  triangles,  he  found 
in  a  degree  56,946  toifes  of  6  Rbinland  feet  each, 
and  by  the  difference  between  and  Leyden 

at  the  diftance  of  |  a  degree,  he  found  57,020  toifes 
in  a  degree  ;  He  took  for  a  mean  between  the 
two  57,000.  M.  Picard  confidering  the  difference 
between  the  Rbinland  and  Pat'is  feet,  reduces  it 
to  55',o2i  toifes. 

Above  42  years  ago  I  made  feveral attempts  at 
Bolonia  and  at  Ferrara^  to  meafure  the  earth,  both 
by  the  vertical  and  horizontal  obfervations,  which 
are  related  by  F.  Riccioli  in  his  geography.  It  was 
only  to  transfer  it  to  the  meridian  line,  which  I 
drew  in  the  great  church  of  St.  Petronius^  to  keep 
account  of  it,  if  neceffary,  in  the  obfervations  of 
the  fun.  At  the  diftance  of  34  toifes  and  2  feet 
of  Paris,  where  the  middle  of  the  image  of  the 
fun  at  the  winter  folftice  is,  I  marked  the  600,000 
part  of  the  circumference  of  the  earth,  which  is  in 
the  proportion  of  57,222  toifes  to  a  degree. 
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F.  Rtccoli  and  Grmaldi  took  diMo  feveral  ways 
and  with  a  great  deal  of  care,  the  meafure  of  the 
earth,  as  it  is  related  at  length  in  the  Geogrdphia  re* 
formataM:  has  reduced  it  to  64,363  Paris 

toifes  to  the  degree. 

But  nothing  of  this  kind  has  ever  been  done  with 
more  care  and  exadlnefs,  than  what  was  executed 
by  M.  Picard  in  the  name  of  the  royal  academy 
of  fciences,  immediately  after  its  inftitution,  in 
the  three  firft  years. 

He  meafured  exadbly  by  triangles  the  diflances 
between  the  parallels  of  Malvoifine^  Sourdon^  and 
Amiens^  which  are  but  at  a  little  diftance  from  the 
meridian  of  Paris^  and  he  obferved  with  an  in- 
ftrument  of  10  feet,  the  diflances  of  the  fame 
fixed  ftar  from  the  zenith  of  thefe  3  places.  By 
the  diftance  between  Malvoifine  and  Sourdon^  he 
determined  the  magnitude  of  a  degree  to  be 
57,064  toifes,  and  by  that  between  Malvoifine 
and  Amiens  of  22'to  be  57,052  toifes.  He 
took  for  a  mean  between  thefe  two  57,060  toifes. 
The  bafe,  which  he  aflually  meafured  is  1 1  times 
greater  than  that  of  Snellhis,  He  ufed  in  the 
fame  diftance  but  a  fmall  number  of  triangles  in 
proportion  to  the  great  number,  which  had  been 
ufed  by  SnelJius.  He  made  ule  of  inftruments 
more  finely  divided,  and  furnifhed  with  tele- 
fcopes,  .which  augment  and  diminifh  the  diftant 
objedls  better,  and  lerve  to  determine  the  diflances 
with  a  greater  exadlnefs.  With  feveral  helps  he 
made  ufe  of  the  fineft  feafons  of  3  years.  I 
aflifted  at  feveral  of  thefe  geographical  and  aftro- 
nomical  obfervations,  which  we  concerted  toge¬ 
ther. 

The  meafure  of  the  magnitude  of  a  degree  of 
the  circumference  of  the  earth,  eftablilhed  by  the 

academy. 
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academy,  might  already  ferve  to  correal  the  dif¬ 
ferences  of  longitudes  hitherto  found  by  too  fhort 
a  meafure.  But  it  was  thought  neceflary  to  under¬ 
take  again  under  the  king’s  protedtion,  to  deter¬ 
mine  the  longitudes  of  particular  places  by  aftrono- 
mical  obfervations  made  at  the  fame  time  at  the 
royal  obfervatory,  and  elfewhere.  The  cclipfes 
of  the  moon,  which  may  ferve  for  this  purpofe,  be¬ 
ing  too  rare  to  be  able  to  make  any  advantage  of 
them  in  a  fhort  time,  it  was  propofed  to  make 
ufe  of  the  obfervations  of  the  eclipfes  of  the  fatel- 
lites  of  Jupiter^  of  which  we  had  already  given 
tables  and  ephimerides  immediately  after  the  infti- 
tution  of  the  academy.  For  one  eclipfe  of  the 
moon  there  happen  above  a  hundred  of  one  fingle 
fatellite.  It  was  found  by  experience,  that  the 
time  of  their  immerfions  into  the  fliadow  of  Ju¬ 
piter^  and  of  their  emerfions,  may  be  deter¬ 
mined  with  more  exadlnefs  and  evidence,  than  in 
the  eclipfes  of  the  moon.  The  royal  academy  im¬ 
mediately  attempted  this  with  fome  fitisfadlion. 
They  at  firff  had  a  correfpondence  of  thefe  obfer¬ 
vations  with  the  academy  of  Tufcan)\  which  was 
then  flourifhing,  and  with  the  royal  fociety  of 
England.  There  was  not  an  aftronomer  in  Eu¬ 
rope.^  who  was  provided  with  necefiliry  inffru- 
ments,  that  did  not  bear  a  part  in  thefe  obferva- 
tions,  and  communicate  them  to  the  academy. 
The  king  fent  to  have  obfervations  made  not  only 
on  the  coafts  of  France.,  but  in  the  moft  confi- 
derable  places  of  the  4  quarters  of  the  world. 
Some  religious  orders,  famous  lor  the  profcfTion 
of  learning  both  divine  and  human,  thought  of 
turning  thefe  obfervations  to  the  fervice  of  reli¬ 
gion  in  the  kingdoms  of  the  F^/?,  where  aflro- 
nomy  is  in  reputation.  Their  obfervations,  as  well 
as  thofe  of  moft  of  the  aftronomers  of  Europe^ 
VcL.  IV.  N  ^5.  Kkk  com- 
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compared  with  thofe  which  were  made  at  the 
faiiT.  rime  at  the  royal  obfervatory  of  Paris^  have 
fei  v('d  to  determine  in  a  fhort  time  the  differences 
of  iongitii  ^e  between  this  and  moft  other  con- 
fiderable  cities. 

2d.  There  was  not  any  thing  of  more  impor¬ 
tance  than  to  have  a  meridian  well  drawn,  as  that 
of  Paris  might  be  drawn  thro’  all  France'^  to 
take  it  for  bounds  of  the  eaftern  and  weftern  lon- 
tudes  of  all  the  other  places  of  the  earth,  as  it  is  the 
moft  illuftrious  of  the  univerfe.  The  geographers 
differ  among  themffelves  in  the  bounds  of  the  me¬ 
ridian  of  Paris  in  the  Mediterranean^  by  the  whole 
extent  of  the  country  between  the  eaftern  outlet  of 
atizRhone^  where  Ptolemy  dircefts  it  in  his  geogra¬ 
phy,  and  the  city  of  Valencia  in  Spain^  thro’ 
which  it  is  drawn  by  Hondius  in  his  map  of  Eu¬ 
rope.  Was  it  not  neceffary  to  clear  up  a  point  of 
fo  great  confequence  in  geography,  and  alfo  in 
aftronomy  for  the  redudion  of  the  aftronomical 
tables  from  one  meridian  to  another,  'and  for  the 
determination  of  the  eclipfes  ? 

This  work  was  begun  by  the  defeription  of  the 
meridian  at  the  obfervatory,  both  by  the  obferva- 
tions  of  the  fun  at  the  folftices,  and  by  the  fixed 
ftars. 

It  has  been  feveral  times  obferved,  and  after 
different  manners,  and  a  mean  has  been  taken  be¬ 
tween  the  differences.  The  angles  have  been 
taken,  which  the  meridian  makes  with  the  diftant 
places  feen  at  the  obfervatory,  the  diftances  of 
which  had  already  been  determined  in  the  firft  di- 
menfion.  Perpendiculars  have  been  drawn  from 
thefe  places  to  the  meridian,  w'liich  determine 
their  diftance  to  eaft  and  weft,  and  cut  the  portion 
of  the  meridian  intercepted  between  the  parallels 
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of  thefe  places,  and  of  the  obfervatory.  And  in 
calculating  the  diftance  of  thofe  places  from  each 
other,  and  the  angle  of  the  di  dance  from  the  me¬ 
ridian,  views  have  been  taken  to  the  places  moft 
advanced  to  the  fouth,  where  the  fame  obferva- 
tions  have  been  madc^  always  forming  triangles  of 
the  preceding  diftances  with  the  following.  Thefe 
triangles  have  been  continued,  without  ever  inter¬ 
rupting  the  feries^  to  the  fouthern  extremity  of  the 
kingdom.  When  there  did  not  prefent  any  re¬ 
markable  objects  proper  for  the  continuation  of 
the  triangles,  there  were  trees  or  pyramids  elevated^ 
or  other  marks  vifible  at  a  diilance  in  the  places 
which  were  thought  the  moil  proper  for  this  pur- 
pofe. 

In  this  manner  the  meridian  was  drawn  from 
Paris  to  the  highefl  mountains  o!’  the  Pyrenaans^ 
which  feparate  Rouffillon  from  Catalonia,  The 
principal  towns  which  are  neareft  the  meridian  of 
Paris,,  v/here  the  celeftial  obfervations  have  been 
made,  are  Orleans,,  Auhigny,,  Bourges,  Aubujfon, 
Aurillac,  Rhodes,,  Alby\  and  CarcaJJone^  which  is 
exacflly  in  the  meridian  of  Paris :  Perpignan  and 
Colioure  were  found  much  nearer  the  eafl;  than  was 
fuppofed.  We  have  not  negledted  the  difference 
between  the  lines  drawn  thro’  the  high  mountains, 
and  the  arches  of  the  circumference  of  the  earth 
which  anfwer  to  them. 

In  thefe  highefl:  mountains*,  where  it  was  neceffa- 
ry  to  go  up,  the  height  of  the  quickhlver  in  the 
barometer  was  obferved,  to  compare  it  with  the 
height  obferved  at  the  fime  time  at  Paris,^  and 
to  determine  the  heights  by  the  com.parifon  with 
the  obfervations  made  elfewhere  upon  mountains, 
the  height  of  which  abo'/e  the  furl  ace  of  the  fca 
had  been  meafured  by  levelling.  The  fame 

K  k  k  2  heights 
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heights  have  been  alfo  obferved  by  means  of  the 
diftances  from  one  mountain  to  another,  and  of 
their  apparent  heights  taken  by  inftruments,  con¬ 
tinuing  thefe  obfervations  to  the  fea.  The  higheft-of 
all  thefe  mountains  is  the  Canigou^  which  is  gene¬ 
rally  covered  with  fnow  :  there  had  been  ele¬ 
vated  upon  it  in  the  proper  feafon,  by  order  of  the 
king,  a  fort  of  pyramid,  which  made  it  known 
at  a  diftance.  Its  true  height,  taken  from  the 
apparent  at  the  fea-fide,  and  from  its  diftance,  was 
found  to  be  1440  toifes,  which  are  at  leaft  15 
Jtadia,  Cleomedes  fays,  there  is  not  any  moun¬ 
tain,  of  which  the  perpendicular  height  exceeds 
15  fiadia%  this  mountain  therefore,  in  the  judg¬ 
ment  of  that  author,  pafles  for  one  of  the 
higheft. 

We  fhall  not  relate  here  the  obfervations  which 
we  have  made  of  the  great  irregularities  of  the  di- 
redlion  of  the  needle  in  the  mountains  of  Limoufm^ 
Auvergne^  and  Rouergue^  abounding  in  mines  of 
iron.  We  muft  not  be  furprifed  if  the  maps  of 
thefe  provinces  are  ill  laid  down.  They  cannot 
be  otherwife,  if  they  are  drawn  by  the  compafs, 
as  is  commonly  done. 

We  have  made  fome  obfervations  of  the  heights 
of  the  pole  about  our  meridian,  about  all  the 
principal  towns,  where  we  made  any  ftay  in  a 
favourable  feafon,  and  particularly  in  the  places  de¬ 
termined  in  our  triangles,  to  compare  the  diffe¬ 
rences  of  the  latitudes  found  in  the  heavens  with 
thefe  dimcnfions  taken  upon  the  earth.  Our  di- 
menfions  upon  the  earth  have  been  confirmed  by  a 
bafe  of  7200  toifes  actually  meafured,  and  by  the 
continuat'on  of  the  triangles  quite  to  the  fea-fidc 
where  we  took  it. 
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For  fear  of  parting  too  far  from  the  meridian  in 
fo  long  a  way,  we  examined  it  by  new  obferva- 
tions  in  the  places  where  we  were  able  to  do  it 
conveniently,  and  we  have  not  found  any  fenfible 
difference  in  it  greater  than  what  is  ufually  found, 
drawing  it  feveral  times  by  different  obfervadons 
in  the  fame  place. 

We  have  had  a  correfpondence  of  obfervations 
of  the  eclipfes  of  the  fatellites  of  Jupiter  made  at 
Parity  Lyons^  Marfeilles^  at  the  fame  time  that 
we  made  them  about  the  meridian  line,  and  we 
have  found  that  the  difference  of  the  meridians  de¬ 
termined  by  thefe  obfervations  agreed  with'thofe 
which  we  had  found  by  the  triangles^  which  have 
ferved  to  draw  the  meridian  nearly  in  the  terms 
as  thofe  which  are  made  in  the  fame  place  by  dif¬ 
ferent  obfervers  agree  together.  We  have  made 
the  fame  ufe  of  the  eclipfe  of  the  moon  of  February 
22,  1701. 

And  as  the  difference  of  the  meridians  between 
Selte  and  Montpellier  had  been  determined  by  the 
obfervations  of  the  fatellites  Jupiter^  which  were 
made  by  M.  Picard  in  thofe  places,  compared 
with  thofe  which  we  have  made  at  the  fame  time 
at  Parity  we  have  been  willing  to  find  the  diffe¬ 
rence  of  thefe  meridians  by  the  continuation  of  the 
triangles  to  thofe  places,  and  calculating  their  dif- 
tances  from  our  meridian,  and  reducing  it  into 
minutes  and  feconds,  we  have  found  it  alfo  to  a- 
gree  with  thofe  which  we  had  determined  by  the 
fatellites  of  Jupiter. 

To  have  the  degrees  of  the  circumference  of  the 
earth  between  the  parallel  of  the  obfervarory  and 
the  bound  of  our  mcalure  in  the  Pyreneans.,  we 
made  ufe  at  Colioure  of  an  inftrument  of  70  feet 
radius^  to  obferve  leveral  hxt  flars  near  the  Zenith., 
and  to  compare  them  with  thofe  which  remained 

for 
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for  us  CO  obferve  at  Paris^  by  the  fame  inftrument 
the  next  year,  in  the  fame  feafon.  In  the  mean 
time  vve  made  ufe  of  thofe  which  had  been  taken  at 
Paris  by  the  common  inftruments;  and  we  found 
it  to  be  6^  i8'. 

In  the  hypothefis  of  the  equality  of  the  degrees 
of  the  meridian  drawn  upon  the  furface  of  the  earth, 
we  fnouid  have  for  each  minute  954  toifes,  5  feet, 
2  inches  5  lines,  and  for  each  degree  57,292  toi¬ 
fes.  But  there  are  fome  very  famous  mathematicians 
who  quetUon  this  hypothefis,  as  well  as  that  of 
the  dire^lion  of  the  perpendiculars  to  the  fame 
point.  Since  the  globe  of  Jupiter  has  appeared  to 
us  a  little  oval,  it  has  been  queftioned  whether  the 
earth  was  not  alfo  a  little  oval,  and  after  the  ob- 
fervarions  made  by  the  royal  academy,  at  Cay¬ 
enne^  Cape-Verd^  and  the  American  iflands,  have 
informed  us  that  the  pendulums  of  the  fame  length 
make  flower  vibrations  near  the  equinodlial  than  at 
a  greater  diftance  ;  M.  Huygens  and  Sir  Ifaac 
Nc-tvton  have  endeavoured  to  explain  this  ph^no- 
menon  by  a  hypothefis,  which  rnakes  the  equi- 
nodial  greater  than  the  meridians,  fo  that  its  fi¬ 
gure  would  be  flatted  at  the  poles  *,  whereas  M. 
Eifenfchmid^  by  comparing  the  different  dimen- 
fions  of  the  degrees  made  in  different  places,  to 
make  them  agree  together,  has  fuppofed  the  earth 
to  be  oval,  longer  from  one  pole  to  the  other  than 
according  to  the  diameter  of  the  equino(fl:ial,  mak¬ 
ing  the  meridians  of  an  elliptical  figure,  of  which 
the  perpendiculars  are  directed  to  different  points 
.ot  the  axis.  He  waited  however  for  the  fuccefs  of 
our  dimenfions,  to  be  able  to  judge  of  it  with  more 
certainty. 

The  magnitude  of  the  minute,  which  we 
have  jufl:  found  in  the  hypothefis  of  the  equality, 
in  the  interval  between  Paris  and  the  parallel  of 
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St.  Elme^  exceeds  that  which  M.  Picard  found  in 
the  fame  hypo  thefts  in  the  interval  between  Ma!-^ 
voifine  and  Sordon^  which  was  951  toifes  and 
ftill  more  that  which  is  drawn  from  the  obferva- 
tions  made  at  Sourdon^  and  Amiens.^  which  make 
the  minute  947  toifes.  The  excefs  of  ours  above 
the  firft,  is  aJmoft  4  toifes,  5  feet ;  above  the  fe- 
cond,  7  toifes,  and  almofl  5  feet :  thus  the  fur¬ 
ther  we  recede  from  the’  equinodlial,  the  more  the 
dimenfions  upon  the  earth  diminifh,  which  feems 
favourable  to  the  modern  hypothefes^  which 
we  have  juft  related,  it  is  difficult  to  find  any  one 
that  makes  thefe  differences  agree  fufficiently  to¬ 
gether. 

It  appears  however  by  the  comparifons  which 
we  have  made,  that  in  the  fpace  between  the  pa¬ 
rallels  oi  Amiens  Colioure.,  which  is  7^  and 
above  f ,  the  meafure  of  the  degrees  going  toward 
the  equinodlial  increafes,  fo  that  the  following  de¬ 
gree  exceeds  the  preceding  by  its  800th  part, 
which  in  this  interval  varies  from  70  toifes  and  2 
feet,  to  72  toifes,  and  i  foot.  The  degree  taken 
from  the  obfervatory  towards  the  north  gives  us 
57,055  toifes,  and  the  degree  taken  from  the  ob¬ 
fervatory  towards  the  fouth  gives  57,126  toifes  f. 
By  this  progreffion  the  magnitude  of  the  other  de¬ 
crees  will  be  found  till  that  which  it  continues  uni- 

<  j 

formly.  The  minute  from  the  obfervatory  to¬ 
wards  the  north  is  951  tohes,  5  feet  |.  It  is  equal 
to  the  diftance  between  the  obfervatory  and  the 
church  of  St.  Scverin.,  and  may  pafs  for  the 
fmalleft  diameter  of  Paris.  Toward  the  fouth, 
the  minute  from  the  o’^fervatory  is  951  toifes,  5 
feet,  7  inches  vV  and  the  augmentation  of  i  inch, 
f f,  in  each  minute  amounts  to  72  toiles  from  one 
degree  to  another. 
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Wc  have  been  furprifed  to  fee  that  this  augmen¬ 
tation  of  gioth  part  from  one  degree  to  another, 
at  this  diftance  from  the  poles,  agrees  with  the 
augmentation  of  the  degrees  of  the  true  diftance  of 
the  moon  in  its  apogeum  from  the  fame  degrees  of 
diftance  between  40  and  48  degrees,  from  the 
pole  on  one  fide,  and  the  apogeum  of  the-  moon 
on  the  other.  For  in  this  place  the  degrees  of 
the  true  diftance  of  the  moon  in  its  apogeum 
increafealfo  from  one  to  another  g  Joth  part.  Thus 
the  perpendicular  lines,  which  terminate  the  de¬ 
grees  meafured  in  the  heavens,  would  be  analogous 
to  the  lines  of  the  mean  longitudes  of  the  moon, 
and  the  arches  of  the  circumference  of  the  earth 
between  thefe  perpendiculars  would  be  of  the 
fame  magnitude  as  the  arches  of  the  fame  circum¬ 
ference  contained  between  the  lines  correfponding 
with  thofe  of  the  mean  motion  of  the  moon. 

If  this  equality,  which  is  found  in  thefe  7  de¬ 
grees  of  the  circumference  of  the  earth,  of  which 
we  have  the  dimenftons,  is  found  in  the  whole 
circumference ;  it  is  what  we  dare  not  advance, 
tho’  the  moon  «has  fome  fliare  in  the  equilibrium  of 
the  fea,  to  which  it  brings  fome  variation  evident 
in  the  flux  and  reflux  regulated  by  its  motions.  It 
would  be  a  fa(5t  to  be  verified  by  dimenfions  of  a 
greater  extent,  if  other  princes  would  contribute 
as  much  as  the  king  to  the  perfeclion  of  the 
fciences. 
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